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Part I 
THEORY 

Introduction (*) 

The specific requirements of a reactor project will usually 
be met by the development of correlation techniques or phenome-
nological descriptions which may be relied upon to provide an 
adequate representation of lattice cell physics in a narrow 
range of composition and geometry. Examples of such methods are 
the codes CAROLINEv 'and PLUTHARCOv 'written at Ispra in the 
framework of the ORGEL project. Of course, care must be exer­
cised when the design studies stray away from the conditions 
to which these simple recipes are better suited; in the ana­
lysis of differential effects due, for instance, to burnup 
or temperature, a frequent practice is to resort to methods 
based on more detailed physical models. Historically, this 
was the main incentive for the development of the code PINOC­
CHIO. 

A further stimulus to provide comprehensive schemes of 
lattice cell calculations is found in the desire to improve 
the precision and reliability of the theoretical predictions 
by searching for patterns in the discrepancies between com­
putations and measurements. The possibility of investigating many 
types of reactors - e.g. graphite, light water and heavy water -
is then highly desirable since it will provide a broad range 
of neutron spectra and isotopie compositions, stressing al­
ternately various phases of the neutron cycle. Although prac­
tical .necessities have kept this second point in the' back­
ground, an effort has been made in the writing of PINOCCHIO 
to maintain as much generality as was compatible with more 
pressing requirements. The logical evolution of a code such 
as PINOCCHIO should produce a relatively inexpensive and ver­
satile computing tool requiring as input only the raw geome-

(*) Manuscript received on 20 October 1968. 



trical data and nuclear cross sections of the material composing 
the lattice. 

While the original version^ 'was based on the four-factor 
representation of the neutron cycle, the code has since under­
gone several transformations embodying various improvements in 
the physical model, adding generality to the types of systems 
which may be treated and increasing the potentialities, e.g. 
through the adjunction of a burnup subroutine. In its present 
state, PINOCCHIO will solve the eigenvalue problem and perform 
a complete reactivity-time calculations for an infinite lattice 
fueled with single rods or cluster type elements. The method is 
based throughout on the use of first collision probabilities in 
a multigroup energy structure. The geometries specifically pro­
vided for in the current version and the energy group structure 
are described respectively in Table 1 and 2. 

Table 1 

Fuel element geometries included in 
PINOCCHIO 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Description 

Single 
Single 
¿-rod 
4-rod 
4-rod 
7-rod 
7-rod 
19-rod 
19-rod 
19-rod 
19-rod 
37-rod 
37-rod 

; rod without housing tube 
: rod with housing tube 
cluster without housing tube 
cluster with housing tube 
cluster with pressure tubes around each 
cluster without housing tube 
cluster with housing tube 
hexagonal cluster without housing tube 
circular cluster without housing tube 
hexagonal cluster with housing tube 
circular cluster with housing tube 
cluster without housing tube 
cluster with housing tuoe 

pin 



Table 2 

Energy group structure 

(l)Spatial calculations 

(2) Thermal spectrum 
calculations 

Group 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Group 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Energy interval, eV 

1 .49 x 10
7
­ 1.35 x 10

6 

1 .35 χ 10
6
­ 1.11 χ 10

5 

1.11 χ 10
5
­ 3.18 x 10Δ 

3.18 x 10
4
­ 961 

961 ­ 130 

130 ­ 47.8 

¿7.8 ­ 29.0 

29.0 ­ 10.7 

10.7 ­ 2.38 

2.38­ 0 

Energy interval 
eV 

2.200 ­ 1.500 

1.500 ­ 1.300 

1.300 ­ 1.200 

1.200 ­ 1.150 

1.150 ­ 1.110 

1.110 ­ 1.090 

1.090 ­ 1.070 

1.070 ­ 1.050 

1.050 ­ 1.025 

1.025 ­ 1.000 

1.000 ­ 0.970 

0.970 ­ 0.910 

0.910 ­ 0.700 

0.700 ­ 0.500 

0.500 ­ 0.414 

Group 
No. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Energy interval 
eV 

0.414 ­ 0.350 

Ο.35Ο ­ 0.310 

O.3IO ­ 0.270 

0.270 ­ 0.220 

0.220 ­ 0.160 

0.160 ­ 0.100 

0.100 ­ 0.085 

0.085 ­ 0.060 

0.060 ­ 0.040 

0.040 ­ O.O3O 

O.O3O ­ 0.025 

0.025 ­ O.OI5 

0.015 ­ 0.010 

0.010 ­ O¿005 

0.005 -Ό.ο 
I 



Cell cross sec t ion da ta , except for the resonance i n t e ­
g ra l s which wi l l be dea l t with in more d e t a i l below, are 

f 4) taken from the GAM-IIV l i b r a r y for the epithermal region 
( 5 ) 

and the GATHER-IIV library for the thermal range. However, 
the 2200 m/s constants for U-233, U-235, Pu-239 and Pu-24 1 

(S) are extracted from the 1965 study of Westcott.et al. . To 
construct the PINOCCHIO library in the group structure de­
scribed in Table 2, energy condensation was effected with 

(4) 
the help of GGC-II for an ideal homogeneous system consti­
tuted of heavy water and natural uranium. 

The code was first written in PORTRAN-II for the TBM-7090 
but has recently been translated for use on the IBM 360. A 
typical eigenvalue problem requires of the order of 1-2 m. 

The main features of the physical model are given in the 
following paragraphs.A brief description of the code completes 
the report. Comparisons with experiments will be given in a 
forthcoming publication. 
1 . Eigenvalue Problem 

Two sets of criticality equations are used in PINOCCHI"! 
according to whether the fast fission events are considered 
as forming an integral part of the average neutron lifecycle 
or a side process. The first viewpoint is the more frequently 
adopted in reactor calculations.The second representation of­
fers the advantage of being easily reducible to the classical 
four-factor formula (at least, in the absence of epithermal 
fissions).While the convenience of the latter picture is 
taken advantage of in the actual establisment of the neutron 
balance, it was thought advisable to formulate the output of 
PINOCCHIO in the more familiar frame of the former outlook. 

Of course, at criticality, the properties of a chain-
reacting system are univocal.ly defined. The material buck-



lings obtained from all possible expressions of the critica­
lity equations are thus identically equal; assuming that the 
buckling remains constant as a function of energy, we may 
write : 

where 

Σ*·*ϊ -> · Β*Ψ* co 

*»* 3 D * c^^ ̂ <m ím.4*) 

^ÄM. » 

C is the number of neutrons appearing in group n at each 

collision in group m; % is the cell­averaged collision 

cross section in group n ; Z_n ^
s
 ^

ne
 cell­averaged removal 

cross section in group η ; D is the cell­averaged diffusion 

coefficient in group n. 

When all reaction rates are referred to one neutron leav­

ing (or produced in) the system, the value of k­eff is given 

by 

When the reference is to one neutron produced by fissions 

taking place below a given energy limit, we have on the other 

nand 



where F is the number of fast groups. Comparing equations (2) 
and (3) we find 

e 

Since k-eff is normally close to unity, the second term on the 
right hand side will usually be small and, in PINOCCHIO, only 
the first definition of k-eff is retained. 

The expressions for the infinite multiplication factor cor­
responding to both points of view are derived by : + ting the 
buckling equal to zero in equations (2) and (3), am; their re­
lationship is described by introducing the same modification in 
equation (4). It will immediately appear that, in this case the 
choice of the definition is not trivial and significantly diffe­
rent values will be obtained according to the preferred represen­
tation of the neutron cycle. Both results are printed in the out­
put of PINOCCHIO. 
1 ·1 Tiie_f;ast_ef; feet 

The traditional division of the energy scale into fast, epi-
thermal and thermal ranges must always involve some element of 
arbitrariness in view of the complexity and the interrelations 
of the phenomena taking place in the system at all energies. One 
could , in principle, simply write down the energy-dependent 
Boltzman equation in a suitably general form and apply it with-



out modification to the particular geometrical situation under 
study. In practice, however, it is usually found adequate and 
economical to resort to different conveniently simplified treat­
ments in different energy regions. 

In thermal assemblies with low fuel enrichments, the predo­
minant event at high energy is U-238 fission but of comparable 
importance for the definition of the fast range is the fact 
that the virgin neutron spectrum resulting from all fissions 
vanishes into insignificance outside a not very wide band of 
energy where it produces strongly localized sources. Thus, at 
lower energies, even complex-shaped fuel elements may reason­
ably be represented in a simpler geometry of concentric cylin­
drical annuii but, in the vicinity of the Mev-range, the rod 
geometry must often be more closely approximated especially 
with gas-cooled elements. 

In PINOCCHIO, the lower threshold of the fast region is 
chosen as 0.1 Mev . More than 98.4$ of the fission spectrum 
is above this point. Furthermore, inelastic scattering and 
resonance capture in uranium-238 both become negligible in the 
vicinity of that energy which thus appears as a fairly natural 
limit. 

The neutron balance equation in the high energy region may 
be written for each of the ρ fast groups as 

' · imi \i I ° « ' 

where the transfer coefficient g. is given by 
Di ,m—r a Q J 



1 
Oj/M 

and the source density <1. by 

The indices i,j refer to regions; the indices m,η to energy 
groups. The entire energy range from zero to infinity is sup­
posed to be divided into ρ fast groups, <\ epithermal and r 
thermal groups. The equation for the sources Q . expresses 
the conditions of normalization for the fluxes in every group 
and region, as stated above. 

A preliminary study (8) has shown that, even with an hy-
drogeneous coolant, the energy distribution of neutrons lying 
above the fission threshold of U-238 was, in the channel, very 
nearly that of the U-235 fission spectrum. While this was not 
true for subthreshold neutrons, the effect of variations in the 
lower energy spectrum on the value of the fast multiplication 
factor was found to be small, the order of magnitude being 
roughly the same as the error introduced by the uncertainty 
in the capture cross sections of U-238. In the light of these 
results, the use of a two-group structure in the calculation 
of the fast effect seems to be justified. 

Due to the marked heterogeneity of the fast, source dis­
tribution, it was thought advisable to provide a rather detail­
ed representation of the cluster geometry for the evaluation 
of the spatial behaviour. At the same time,in view of the 
long mean free path of fast neutrons in all materials, various 
approximate techniques may be used to determine the collision 

(9) probabilities . In PINOCCHIO the cross sections of all mate-
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rials lying between given source and target pins are homoge­

nized, before proceeding to the calculation of the pin­to­pin 

collision probabilities for fast neutrons. 

The fast neutron multiplication factor is defined as t'">e 

number of neutrons slowing down past the lower limit (0.1 i"ev) 

of the high energy region per neutron produced in thermal and 

epithermal fission. Thus, in the case of D fast groups 

^1 \>*"l+f 

Mvn «lib*» ν
 L 

Back­scattering from the moderator and cell­to­cell interaction 

are implicity taken into account. 

1 . 2 Ep_ithermal_event s 

1.2.1 Flux calculation 

The intermediate energy range extends, in PINOCCHIO, from 

0.1 Mev down to 2.38 eV. Formally, the neutron balance equations 

are quite similar to the relations pertaining to the high energy 

regions. However, the transfer coefficients g. „^„ no longer 
° °i , m­*­ n ° 

include (n, 2 n) nor virgin fission neutron contributions, and 

the source densities are now given by 

1 Á , « L· \ Αι** ì y «*­»·Μ· TÅ./·* \ 

Thus, we have, in each of the ς epithermal groups, 
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The probability ρ that a neutron will escape absorption while 

slowing down through the intermediate energy region is simply 

expressed as 

t 1 l \î.,^V-^'*^.-ViJ 

The denominator is seen to be exactly equal to t as defined 

above. The numerator, completely analogous in form, represents 

the total number of neutrons slowing down into the thermal range 

An epithermal multiplication factor may also be defined as 

1 1 ΗνίΛ. φ. s/Λ 

In the present version of PINOCCHIO, the intermediate range 
is divided into seven groups. The lattice cell is represented 
as a network of concentric circular annuii and the calculation 
of the collision probabilities follows the method of Bonalumi' ' 
The neutrons are assumed to be reflected isotropically at the 
cell boundary. The source distribution is evaluated by perfor­
ming a flux calculation in the same geometry also for the two 
fast groups, normalizing for cluster problems the value of £ 
to the result obtained in the" more exact geometry, as descri­
bed in section 1.1. 
1.2.2 Input data for flux calculations 

A study of the influence of the lattice pitch on the group-
averaged microscopic cross sections entering as input data has 
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been carried out for a typical heavy water core. This influ­
ence being found to be negligible, a single set of nuclear 
data (except for resonance cross sections) has been supplied 
for all materials in the form of a library. 

A preliminary analysis has shown that seven energy 
groups in the range between 0.1 Mev and 2.3 eV are enough 
to reproduce the correct absorption in U-238. Since absorp­
tion in other materials is thought to be of secondary impor­
tance with the low enrichments for which the code is intended, 
no provision has been made in the present version to refine 
the energy structure. 

The resonance integrals were first calculated for the 
different groups by Nordheim's method, using the ZUT and TUZ 

(12) programmes . However, to avoid the necessity of including 
in PINOCCHIO the ZUT and TUZ programmes which require a rela­
tively .large amount of machine-time (5-10 minutes) an anlysis 
was carried out in the hope of correlating the Nordheim re­
sults with simplified formulae. In the Nordheim approach to 
resonance integral calculation, there are two parameters which 
enter as input datato characterize the fuel element geometry: 
the fuel radius and the Dancoff coefficient. The possibility 
of collecting them into a single variable, the effective sur­
face, was investigated. 

A best _fit of the uranium-238 resonance integral in the 
form A + Bu was performed for five values of ranging 
from 0.2 (Ο.τ) to Ο.Θ. Every point was calculated with ZUT and 
TUZ, assuming, as suggested by Levine , that 



Table 3 

U-238 resonance integral constants at 20°C 

Group 

4 
5 
6 
7 
9 
9 

T o t a l 

M e t a l 

A 

1 .7474 
0 .4783 
0 . 2 6 7 8 
0 . 0 7 7 8 
- . 0 2 0 8 
- . 1 4 6 9 

2 .8156 

Β 

1 .1519 
3 .0640 
2 . 5 6 6 0 
3 .6651 
4 .5901 

10 .1605 

25 .1976 

S t a n d a r d 
e r r o r 

0 . 0 0 7 6 8 
0 .01947 
0 .00675 
0 . 0 0 9 4 0 
0 .007 04 
0 . 0 2 1 6 8 

0 .02957 

Oxide 

A 

1.7446 
υ .8454 
0 .5905 
0 .4315 

0 .3655 
0 . 2 9 2 3 

4 .6819 

Β 

1 .2327 
2 .8717 
2 . 3 6 3 8 
3 .4920 
4 .5020 

10 .5484 

25 .0106 

S t a n d a r d 
e r r o r 

0 . 0 0 7 4 0 
0 . 0 2 6 8 9 
0 .01846 
0 .00477 
0 . 0 1 5 4 9 
0 . 0 2 0 5 7 

0 .07794 

C a r b i d e 

A 

1 .6685 
0 .7342 
0 . 5 0 0 7 
0 .3424 
0 .2741 
0 .2212 

4 .1531 

Β 

1.2742 
2 .8563 
2 .3501 
3 .4411 
4 .3871 

10 .1278 

2 4 . 4 3 6 7 

S t a n d a r d 
e r r o r 

0 .00737 
0 .02526 
0 .01518 
0 .00340 
0 .01338 
0 .02058 

0 .06803 

rv> 
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where f is the fuel density; r, the rod radius; C, the Dancoff 

coefficient. Three sets of calculations were run för 0=0.0, 0.4 

and 0.6 respectively. The best fitted values of A and Β for the 

different energy groups, together with the standard deviations 

are given in Table 3 for the metal, carbide and oxide at 20°C. 

As can be seen, the accuracy of the predictions appears 

quite satisfactory. The quoted values of A and B, have been 

incorporated in PINOCCHIO, thus replacing the complete ZUT and 

TUZ calculations. The correlation has now been extended to the 

range of fuel temperature from 20°C to 1600°C. 

For the highest epithermal group (between 32 KeV and 0.1 

MeV)a mean U­238 absorption cross section of 0.34b was adopted. 

This value was obtained by averaging the U­235 ­ "».­p as given 

in BNL­235 on typical heavy water lattice spectra calculated by 

the Monte Carlo techniques. 

Exactly the same procedure was used to determine the e pi­

thermal constants of Th­232. In the case of uranium­235, a 

slightly more complicated correlation was developed for 

both the fission and absorption resonance integrals: 

The variable à1
 which plays a part similar to that of the 

effective surface in the case of the fertile isotopes is 

given by: 

*Λ\*1* û (5) 
» t 

where tf . is the potential scattering cross section per 

P»
1
 tL o 

uranium atom for the i isotope in the fuel lump:
 Λ ί is tne 

so-called slowing down efficiency, i.e. the average probabi­
lity for a neutron scattered by nuclide i to be slowed down 
to energies below resonance; (T^ is the contribution to the ef­
fective potential cross section due to fuel heterogeneity, i.e 
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Mf being the fuel molecular weight and E the enrichment. Equ. 
(5) is thus a form of equivalence theorem. 

The resonance integral constants aQ, a. , a^ were derived, 
here again, by fitting the results of ZUT and TUZ over a range 
of Dancoff coefficients and rod radii. Two sets resulted, one 
for low enrichments (0-8$), the second one for high enrich­
ments (8-100$). 

For the time being, correlated values of U-235 resonance 
constants have been introduced only in the lower three epither­
mal groups. Although the standard deviations are larger than 
for the fertile isotopes, the results are judged to be good 
enough to justify an extension of the technique to higher 
energy groups and other fissile nuclides. 

The resonance cross sections in a given group are simply 
defined as equal to the resonance integrals in the group 
divided by the lethargy width of the group . A much more re­
fined method of calculation also based on the solution of the 
Boltzmann equation by the collision probability technique but 
with a very large number of group is presently being written 
to provide a tneoretical check on the PINOCCHIO model for 

(23) resonance absorption. This code, called PETARDv , does not 
use the concept of resonance integrals and Dancoff factor: 
the basic cross sections are used throughout and the channel 
geometry is very closely represented. 
1.2.3 Dancoff factor calculation 

As an adjunct to PINOCCHIO, a code to evaluate the Dancoff 
factor in clusters and lattices has been established. The fol­
lowing assumptions are adopted in the calculation: 
a) the fuel pencils are inserted in an infinite homogeneous mo­
derator. This is not true, for instance, in an ORGEL-type re-
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actor where the organic coolant acts as a secondary moderator 
inside the fuel clusters. However, the assumption isstill 
valid if the source density ia approximately constant through­
out the cluster and not too different from the source density 
in tne primary moderator. 

b) The fuel is black to neutrons of the energy considered. 
This approximation becomes progressively poorer at higher 
energies. 

c) A single collision with a moderator atom removes tne neu­
tron from the energy region considered. This will be true when 
the resonances are narrow enough or the moderating nuclide 
sufficiently light. 

The calculation proceeds as follow: 
- first, partial Dancoff coefficients C. ., i.e. the reduction 
in flux at the surface of pins i due to the presence of pins 
j, are evaluated by following the method pioneered by Carlvik 

(15) and Pershagenv ; 
- then, the total Dancoff factor for the fuel cluster (or 
lattice) is obtained by summing the C- . over all pins i and 
j. The calculation takes into account in a rigorous way the 
geometry of the cluster (or lattice) and of the cladding 
sheath. 
1 .3 Thermal_multip_lication_factor 
1.3.1 Spectrum calculations 

The fundamental assumption in the analysis of the thermal 
effects is the separability of the spectral and spatial aspects 
of the problem. More precisely, the spectral effects are ob­
tained in a rough geometrical representation of the fuel cell 
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('13) through a 30 group THERMOS calculation . A previous study 
has shown that the variation of the neutron spectrum across 
a unit cell is sufficiently well approximated by taking five 
annular regions: three in the fuel, one in the moderator, one 
in an intermediate region. The main advantage of this proce­
dure is that it is fast enough to allow repeated spectrum eva­
luations for increasing burn-up values and, for this reason, 
it is well suited for reactivity-time calculations 

Table 4 gives the percentage variations ofιΛ for a five-
ring subdivision of a typical ORGEL-lattice cell (ECO fuel ele­
ment) with reference to a 20-region THERMOS calculation. 

Table 4 

Comparison between 5-region and 20-region THERMOS evaluationsof 
ECO fuel element 

Fuel composition 

Natural U 
Nat. U+0.05 $ Pu 
0.3$ Pu+0.25$ U-235 

Μ*φ·/. 
-.03 
-.03 
-.015 

The upper energy limit of the thermal spectrum calculation 
is 2.2 eV. This means that the absorption in the 1-eV resonance 
of Pu-240 (as well as the 0.3 eV resonance of Pu-239) is taken 
into account here. The choice of including the Pu-240 resonance 
absorption in the thermal calculation has been made on the basis 
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(17) of an analysis carried out at Ispra v . In this study * a large 
number of Pu-240 resonance integrals for heterogeneous systems 
have been calculated both by the use of standard codes (ZUT 
and ARES-Il), where such effects as spatial flux non-unifor­
mity in fuel and moderator, energy depression in the moder­
ator and thermal motion of moderating nuclei are not taken in­
to account, and more sophisticated methods (THERMOS and WDSN), 
where no approximation of this nature is introduced.As an il­
lustration, the results obtained with the different calcula­
tion methods for a heavy water system are plotted in fig. 1 
as a function of the fuel mean chord length. It can be seen 
that, in order to ensure that the error on the Pu-240 reso­
nance integral never exceeds a few percent, it is necessary 
to include this calculation directly in the thermal part. 
The energy group-structure has been chosen in such a way as 
to provide a sufficient number of groups inside this 1-eV 
resonance, 

Energy exchange between the fine thermal groups in heavy 
water, light water and graphite is accounted for through the 
Nelkin-Honeck, the Nelkin and the Parks kernels respectively. 

(18) A kernel developed at Ispra describes the interactions 
with the hydrogen atoms bound in the organic molecule. Col­
lisions with other moderating nuclides are treated through 
the use of the free gas kernel. 
1.3.2 Spatial flux distribution 

The spatial variation of the thermal riux is determined 
by a one-group multiregion calculation. For light-water mod­
erated lattices, collision probabilities are used everywhere. 
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In the cases of heavy water or graphite·moderated systems, col­
lision probabilities are used in the fuel channel and a layer of 
moderator (about one mean free path in thickness) immediately 
adjacent to the fuel element while the behaviour of the flux 
in the rest of the moderator is treated with diffusion theory. 
Total reaction cross sections are used wherever the collision 
probability technique is applied and transport cross sections 
elsewhere. The cpllision probabilities 'are obtained with the 
Bonalumi-Jonsson approximate method of calculation . 
a) When diffusion theory is used in the moderator, the neu­

tron current entering the fuel element is assumed to be isotro-
pically distributed. The flux normalization at the fuel-modera­
tor interface is effected by defining the extrapolation length 
in the fuel channel according to the well known method of 
Kushneriuk and McKay . The neutron balance equations then 
read, for any region inside the channel, as 

where P. is the probability of escape from the channel for 
neutron born in'ring i; Ρ . the probability that a neutron 

01, 
presenting itself at the fuel-moderator interface with an 
isotropic angular distribution will make its first collision 
in region i ; Po is given by 

P«-i P.; 



- 19 

N being t'̂e total number of annuii in the system .Index M refers 
to the moderator. The sources are obtained directly from the 
epithermal calculation. 
b) When collision probabilities are used also in t'̂e modera­

tor, the neutron balance equations assume a form completely 
analogous to the relationship used in the epithermal range,i.e. 
they constitute a particular case of the following formulation, 
valid for r thermal groups 

where ^ 

* rt»»l ' · I * 

Since all fuel elements are represented as a network of 
concentric cylindrical annuii, the problem of cluster homoge-
nisation must be faced. In order to evaluate the hyperfine 
structure of the flux in such geometries, an iterative proce­
dure is resorted to. A subcell is defined as made up of a fuel 
pin, its cladding and a concentric annulus of coolant, the 
thickness of which is calculated by finding the amount of 
coolanc that would be associated with every pencil if the 
cluster configurations were extended to infinity. The assump­
tion is then made that the hyperfine structure of the flux 
in the central subcell pertains equally well to the other 
subcells. Thus, a first spatial problem is run to evaluate 
the hyperfine structure and the results are used to homo­
genize the materials in any subcell; a second spatial pro­
blem follows, which is based on those homogenised cross-
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sections. It has been shown that further iterations will not 
yield significantly different results. 

Once the average fluxes in the moderator and the channel 
annuii are known, it is a simple matter to evaluate the ther­
mal multiplication factor through the standard relationship 

1 2ΐ*Μ*ι\>„1 
1.4 Neutron_Leakage 

Originally developed in the framework of the heavy water 
reactor programme, the code PINOCCHIO, in its present state, 
incorporates a calculation scheme for the treatment of neu­
tron leakage which is well adapted to this type of lattices 
but is hampered by certain limitations in more general cases. 
The main features of the method are: 
1) detailed treatment oí cell heterogeneity, the clusters 

being represented as networks of concentric annuii; 
2) use of transport-corrected cross sections to account for 

scattering anisotropy; 
3) neglect of diffusion asymmetry; 
4) group diffusion theory used in all cases. Thus in every 
group, the cell-homogenized absorption cross-section is incremented 

2 by a term D B where the cell-averaged diffusion coefficient in 
group n is given by Benoist's formula 

»V,V\ iti» 

where 



21 

The sums extend over every medium in the lattice except the 
moderator, referred to by the index M . The symbol ψ^ denotes 
the cell-averaged flux, the 'λ'* the transport mean free paths 
obtained directly from the GAM and GATHER homogeneous problems. 
The buckling is assumed to remain constant as a function of 
energy. 

2. The Reactivity-Time Problem 

Provision has been made in PINOCCHIO to perform a complete 
reactivity-time calculation for a given unit cell under the 
assumption that the power per unit length of channel does not 
vary. This, at least in principle, is no limitation since the 
history of any fuel element can always be represented by a 
series of PINOCCHIO calculations at different power levels. 

At the present stage, the eigenvalue problem is solved 
anew and completely at each time step although in later ver­
sions it will be possible to keep the fast and epithermal 
parameters constant in successive time steps. 

In the description of the isotopie evolution, the sim-
(21 ) plified chain structure proposed by England v constitutes,-

in PINOCCHIO, the reference model of fission product pois­
oning. For U-235, U-238 and Pu-239 progeny, England has iden­
tified 14 chains containing 54 nuclides which produce appro­
ximately 95 percent of the total poison, the remaining 5 'per­
cent being adequately represented by the introduction of 2 
pseudo-nuclidei However, for routine calculations and pro­
vided the maximum irradiation does not exceed 15,000 MWD/T, 
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this representation is still unnecessarily complex. Accord­
ingly an alternate picture consisting of 18 fission products in 
6 linear chains, plus 2 pseudo-nuclides, is also included in 
the code: it has been verified that this structure is suffi­
ciently detailed for the total poison to be reproduced within 

( 22 ) 
5$ at the maximum irradiation considered . In both descrip­
tions of fission product poisoning, direct contributions due 
to Xe-135 and SM-149 have been excluded. 

The code does take into account the fact that the isoto­
pie evolution is not the same in each pin ring of a fuel 
cluster due to the non-uniformity of the spatial flux distri­
bution. 
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Part II 
CODE DESCRIPTION 

1. Generalities 

1.1 Materials 

The composition of the materials which constitutes the cell 
is expressed in the PINOCCHIO input in terms of atomic densities. 
(nuclei/barn.cm). A maximum of ten compositions can be considered 
which correspond to the following ten regions of the cell: 
1) Fuel 1 
2) Fuel 2 
3) Fuel 3 
4) Canning 
5) Coolant 
6) Filler 
7) Pressure tube 
8) Insulating layer 
9) Calandria tube 
10) Moderator 

The geometries specifically provided for in the current version 
are described in Table 1 and illustrated in Figs. 2-5. The three 
fuel compositions correspond to different fuel regions in the 
cluster depending on the geometry configuration: 
single rod : the rod is divided in 3 fuel rings of equal thickness 

fuel 1 = central ring, fuel 2 = intermediate ring, 
fuel 3 = outer ring 

4 rod cluster : only one fuel region is considered (fuel 2 and 
fuel 3 absent); 

7 rod cluster : fuel 1 = central pin, fuel 2 = 1st fuel pin ring, 
fuel 3 = absent; 

19 rod cluster : fuel 1 = central pin, fuel 2 = 1st fuel pin ring, 
fuel 3 = 2nd fuel pin ring; 

37 rod cluster : fuel 1 = 7 central pins, fuel 2 = 2nd fuel pin ring, 
fuel 3 = 3rd fuel pin ring_ 
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1.2 Isotopes_and Library 

A list of isotopes that are included in the present version 
of the code library is given in Table 5. Each isotope is identi­
fied by two identification numbers (ex. 14002 40). The five 
numbers which compose the first identification number are chosen 
in the following way: 
1st number (= 0 or blank) = microscopic thermal cross-sections 

do not depend on temperature (non-moderator isotopes), 
(= 1 · ) = the isotopes is present in the li-
brary at several temperatures (moderator); 

2nd number (= 0 or 1 or 2etc.identifies the model used in the 
scattering kernel at thermal energies; 

3rd to 5th number = identify the isotope. 
The second identification number is equal to the isotope tem­

perature in (°C). This second identification is not given in in­
put for each isotope, but it is assigned to each material, as 
it is clear that all isotopes which belong to the same material 
are at the same temperature. According to thisfthe choice of 
the temperature must be made by paying attention that the tem­
perature value will be used as the second identification num­
ber of the moderator isotopes (i.e. of isotopes with a first 
identification number with 1 as first number) and the pair 
of identifications must be as listed in Table 5. 

When more than one fuel region is considered the temperature 
used for Doppler broadening calculation of resonance integrals 
is the FUEL 1 temperature and not the average value for the 
fuel. Apart from the composition of each material, a list of the 
identification number of resonance isotopes present in the fuel 
must be given by the user. For these isotopes microscopic scat­
tering and capture epithermal cross-sections are obtained through 
resonance integrals. These isotopes are identified by a single 
identification number, and have to be chosen among those in 
section III of Table 5. 
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The diagnostic"Program ERROR Stop 101" printed in output 
means that the list of isotopes identifications given in in­
put is incorrect. 

The PINOCCHIO library is divided into 5 sections: 
1) Thermal cross sections 
2) Fast and epithermal cross sections 
3) Resonance integral coefficients 
4) Fissile isotopes and fission products for burn-up calcula­

tions 
5) Chain composition for burn-up calculations 

The total number of isotopes considered must be <£50; in 
the evaluation of the total number of isotopes, both the 
first and second identification numbers have to be considered, 
that is to say for example that (12001 27) and (12001 70) 
will be considered by the code as two isotopes. 
1.3 Few-grou£_£arameters 

Few—group macroscopic cross sections for use in diffusion 
calculation and heterogeneous parameters for use in the SOS 
code are calculated by PINOCCHIO. The parameters are averaged 
values for channel (fuel element and tubes) moderator and cell, 
Broad group limits for few-group parameters calculations must 
be given in the input, but each broad group must always inclu­
des an integral number of PINOCCHIO groups. The 1st and 2nd 
PINOCCHIO fine groups must always belong to the same broad 
group. The last broad group must be the thermal group of PI­
NOCCHIO (group 10). 

The heterogeneous parameters are calculated only for the 4 
broad group option. From high to low energy, for each group 
the lower energy limit must be specified in the input data, 
by giving the ordinal number NDG (I) (see input data card 3) 
corresponding to the lower PINOCCHIO fine group in the broad 
group. 
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2. Code Language 

PINOCCHIO , written in FORTRAN IV, can be run on a normal 
IBM 360/65 following the O.S. monitor, in the HAPS system. 
The total number of bytes occupied is 153.854 including all 
library subroutines and special functions. The compilers 
used are FORTRAN G (LEVEL ONE) and FORTRAN H (LEVEL ZERO). 
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Table 5 

Isotopes in PINOCCHIO library 

Thermal 

ELEM. 

H 

D 

cross sections 

1st IDENT. 

10001 
10001 
10001 
10001 
10001 
10001 
10001 
12001 
14001 
12001 
12001 
12001 
12001 
13001 
13001 
13001 
13001 
13001 
13001 
13001 
13001 
13001 
10002 
10002 
10002 
10002 
10002 
10002 
10002 
10002 
12002 
12002 
12002 
12002 
12002 
12002 
12002 

2nd IDENT. 

27 
40 
50 
60 
70 
.80 
90 
27 
27 
70 
150 
250 
350 
27 
100 
150 
200 
250 
300 
350 
400 
450 
27 
50 
90 
100 
150 
200 
250 
300 
27 
40 f: 
50 
60 
70 
80 
90 

MODEL 

FREI·; 
π 
II 
II 
II 
II 
II 

H in H O 
transp. 
H in H O 
transp. 

GAS 
II 
II 
II 
M 
II 
II 

without 
correct. 
with 
correct. 

H in H^O 
M 
II 
II 

ARDENTE 
II 
II 
II 
II 
M 
II 
II 
II 

FREE 
II 
II 
II 
II 
II 
II 
II 

NELKIN : 
rom GAKER 

II 
II 
II 
II 
II 

M a 
Il II 

Il II 

MODEL 
II 
II 
II 
II 
II 
II 
II 
II 

GAS 
II 
II 
II 
II 
II 
.f 

II 

WO DEL 
101 gro 

II 
1 
II 
II 
11 



Thermal cross sections 

30 

ELEM. 
D 

1 s t IDENT 

14002 
14002 
14002 
14002 
14002 
14002 
14002 

10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 
10012 

15012 

10016 
10016 
10016 
10016 
10016 
10016 
10016 
10016 
10016 
10016 
10016 

2nd IDENT. 
27 
40 
50 
60 
70 
80 
90 
27 
100 
150 
177 
200 
250 
300 
350 
400 
450 
620 
627 
700 
720 
800 
820 
900 
927 
1000 
1100 
1200 
1300 
1400 
1500 
27 
27 
40 
50 
60 
70 
80 
90 
150 
177 
250 
350 

MODEL 
NELKIN MODEL 

(from GAKER 30 groups) 
II 
II 
II 
II 

FREE GAS 
II 
II 
II 
M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
M 
II 

PARKS KERNEL 
FREE 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

GAS 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 
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Thermal cross sections 

ELEM. 
0 

Fe 
Al 
Zr 
Th232 
U235 
U236 
U238 
Pu239 
Pu240 
Pu240 

Pu241 
Xe 
Bo 
Mg 
Cr 
Mn 
Ni 
Cu 
Nb 
Cd 
Sn 
Pb 
Sm 
U233 
Pa233 
Np239 

1st IDENT. 
10016 
10016 
10016 
10016 
10016 
10016 
10016 
10016 
10016 
10016 

26 
27 
40 
232 
235 
236 
238 
239 
240 

10240 
10240 
10240 
10240 
241 
135 
10 
24 
52 
55 
58 
63 
93 
112 
119 
207 
149 
133 
533 
539 

2nd IDENT. 
627 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
27 
27 
27 
27 
27 
27 
27 
27 
27 
177 
327 
627 
927 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 

MODEL 
FREE GAS 

Dopp. Broa 
Il II 
Il II 
Il II 
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Fast and epithermal cross sections 

ELEM. 
H 
D 
Bo 
C 
0 
Mg 
Fe 
Al 
Zr 
Cr 
Mn 
Ni 
Cu 
Nb 
Cd 
Sn 
Xe 
Sm 
Pb 
Th 
U233 
U235 
U236 
U238 
Pu239 
Pu24 0 
Pu24 ι 
Pa233 
Np239 
ve sonane e 

1st IDENT. 
1 
2 
10 
12 
16 
24 
26 
27 
40 
52 
55 
58 
63 
93 
112 
119 
135 
149 
207 
232 
233 
235 
236 
238 
239 
240 
241 
533 
539 

integral coeff 

2nd IDENT. 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 

icients 
h 
°35 
238 

232 
235 
238 

27 
27 
27 

Fissile isotopes and fission products for BURN-UP 
U233 
U235 
U238 
Pu239 
Pu241 

233 
235 
238 
239 
241 

1 
2 
3 
4 
5 
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Fissile isotopes and fission products for BURN-UP 

ELEM. 
Pu242 
Th232 
Th233 
Pa233 
U234 
U236 
U239 
Np239 
Pu240 
Rh 105 
Pd 105 
Nd145 
Nd146 
Nd147 
Pm147 
Pm148m 
Pm148 
Pm149 
Sm149 
Sm150 
Sm151 
Sm152 
Sm153 
Eu153 
Eu154 
1135 
Ndl50 
Pm151 
Pm148m 
Pm148 
Xe135 
xPF(1) 
xPF(2) 
*PF(3) 
xPF(4) 
Zr95 
Nb95 
Mo95 
Te99 
Ru100 
Ru101 
Ru102 

1st IDENT. 
242 
232 
433 
533 
234 
236 
439 
539 
240 
105 
305 
145 
146 
147 
347 
148 
348 
349 
149 
150 
351 
152 
353 
153 
154 
335 
350 
451 
448 
542 
135 
301 
302 
303 
304 
95 
295 
395 
99 
100 
101 
102 

2nd 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

IJENT. 
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Fissile isototpes and fission products for BURN-UP 

ELEM. 
Ru103 
Rh 103 
Pd104 
Nd148 
Pd106 
Eu155 
Pd107 
Pd108 
Ag109 
Te131m 
1131 
Xe131 
1133 
Xe133 
Xe134 
Mo99 
Cs133 
Cs134 
Ce143 
Pr143 
Nd143 
xPF(5) 
Eu157 
Gd157 
xPF(6) 
xPF(7) 
Chain comp 

1st IDENT 
103 
403 
104 
648 
106 
155 
107 
108 
109 
131 
331 
431 
133 
333 
134 
299 
633 
334 
143 
343 
443 
306 
157 
357 
307 
308 

osition from 

2nd IDENT. 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

chain 1 to chain 25 

PF(l) : Pseudo-fission products. 
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3. Overlay organisation 

CONTROL SECTION 
1 

O v e r l a y A 

MAIN PROGRAM 
BUNK CØMMØN 
LIBRARY SUB. 

C0NT.SECT.2 

S u b r . THERMO 
" CALDA 
" DATA 

XPREP 
STOP 

" GEOM 
ITER 

" RELAX 

( 85.792 bytes) 

CONT. SECT.3 

Subr. STM 

( 114.66a bytes) 

I 
CONT. SECT. 4 

Subr. RECA 
RECAB 
SIAC 

CONT.SECT.11 

Subr.BURNUP 
" OMOGEN 

CONT.SECT. 5 

( 1 3 2 . J i a b y t e s ) 

, , ( 2 8 . 8 2 4 b y t e s ) 

O v e r l a y Β Κ 8 7 . 9 Ή b y t e s ) 
1 

Subr. APP 
" PTJ 
" SIMQ 
"funct .PTC 
Subr. CAPPA 

ÌONT. 

S u b r . 
II 

II 

II 

F u n c t 

SECT.10 

ADRA 
CONS 
ABN 
APE 

.PIN 

Overlav C 

CONT.SECT.6 

Subr. DISFA 
" THEM1 
" EFFE 

TEMA 2 

( 1 2 6 . 3 2 4 b y t e s ) 

If 1 0 7 . 6 3 0 b y t e s ) ( 133 .666 b y t e s ) 

CONT.SECT.7 

Subr , ASHORE 
SHOCK 
UV 
CORD 
SIMM 
SPOST 
VET 
U1V1 
PS OS ζ 
PETARD 
GABY 
THEM2 
EFFEΤ2 

(153.­854 b y t e s ) 

CONT. 

S u b r . 
II 

II 

II 

II 

F u n c t 
11 

II 

S u b r . 
It 

II 

II 

II 

II 

II 

SECT.8 

RABBIT 
WRITE 
PFF 
V0L2 
VOLPI 

.TETA3 
TETA1 
TETA 2 
GAUSS 1 
GA US S 2 
PRGP 
COMM 
ANAL 
EPSOA 
ADONE 

:0NT.SECT.9 

Subr.NEUTRA 
" HETER 
" HESSEN 

QREIG 
" ORT 
" BWRITE 

( H 9 . 3 7 2 b y t e s ) 

( 1 3 9 . 1 7 3 b y t e s ) 



4. Flow-Diagram 

/start j 

( 

NCAS­1 
TIME=C| 

IE 
READ­WRITE 
INPUT UATA Ï) 

COMPUTE 

GEOMETR.DATA FOR 

THERMAL FLOT S PECT 

/ ΡΈΡΓΝΈ V 
\CONSTANTS χ 

= 1 

I 
WRITE 

THERMAL LIBRARY 
ON UNIT 10 

= 2 

1 
READ \ 7 READ 

THERMÃTTTlBRARtf THERMXTTTJIBRAI 

FROM UNIT 9 A FROM UNIT 10 

I 
COMPUTE 

KACROSC.CHOSS SECI 
(5 REG. ,30 GR.) 

I 
COMPUTE AND WRITE 

THERMAL FLUX SPECT, ï 
COMPUTE 

MICROSCOPIC CROSS 
SECT.FOR SPATIAL 

CALCULATION 

« 2 

Z1 = 1 
Z2=1 COMPUTE 

GEOMETR.DATA,MACR 
CROSS SECT.FOR 
DISADVANTAGE 
FACTOR CALCUL. 

I 
COMPUTE 

DISADVANTAGE FACT 
FOR CANNING β 00 TA NE 
PR.TUBE,INS.LAYER 

( Z 1 , Z 2 , Z 3 , Z 4 ) 

Main PINO 

Subr. THERMO.CALDA 

Subr. THERMO 

Subr. DATA 

Subr. XPREP, STOP 

Subr. XPREP, GEOM. 

S u b r . ITER, RELAX 

S u b r . STM 

Subr. DISFA, RECA 

Subr. RECAB 

Subr. THEM1, EFFE 

Subr. APP, PIJ, SIWQ 

Funct. BIO, BKO, BT1_ 

BK1 
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© 
COMPUTE 

GE OMET. DATA, MACROSC. 
CROSS SECT.FOR THERMAL 

SPATIAL CALCULATIONS 

S u b r . TEMA2, SIAC 

READ 
¡\A.ST AND EPITHER. 
LIBRARY FROM UNIT 

I 

FAST ANTFRPITHER. 

LIBRAY FROM UNIT 

10 

S u b r . ADRA 

W R I T E \ 

FAST AND EPITHERMAL ) 

LIBR. ON UNIT 10 J 
— ^ ^ -

I 
COMPUTE 

GEOMETRICAL DATA, MACRO­
SCOPIC CROSS SECTIONS 

FOR £ CALC. 

S u b r . ADRA, CONS 

" ABN, SIAC 

η 
.1 

READ 

RESON. INTEGRAL 
COEFF.FROM U.9 

I 

READ 
RESON. INTEGRAL 

COEFF.FROM U.10 . 
S u b r . APE 

WRITE 

RESONANCE INTEGRAL 

COEFF. ON U. 10 

E 
COMPUTE 

GEOM. DATA, MACROSC. 

CROSS SECTION FOR 

p, H,p CALCULTAIONS 

«2 

DANCOFF COEFF. 

FROM INPUT DATA 

Subr. APE, RECA, RECAB 

" PIN, SIAC 

COMPUTE 

GEOM. DATA, MACROSC, 
CROSS SECT. FOR 

D A N C O F F . C O E F F . C A L C U L 

© 

S u b r . ASHORE 
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Θ 
COMPUTE 

ROD COORDINATES, 
MATRIX GROUP SYMM. I 

COMPUTE 
DANCOFF. COEFF. 
(HETER. MODEL) 
(PARALLEL RODS) 

COMPUTE 
RESONANCE INTEG. 
P, *lep,DIFF.COEFF., 
THERMAL SOURCES 

I 
COMPUTE 

THERMAL SPATIAL CALC 
( f, 7> , L? e t c . ) 

I 
WRITE \ 

RESULTS OF THERMAL SPATIAL ) 
CA LC .,DANC OFF C OEFF .,RESONAN./ 
-ESCAPE PROB., etc. J 

I 
COMPUTE AND WRITE 
FAST MULTIPL.FACTOR 
FAST FISSION RATIO 

I 
WRITE 

CRITICALITY(SUMMARY OF 
RESULTS ) 

I 
COMPUTE AND WRITE 
NEUTRON BALANCE 

I 
' COMPUTE AND WRITE" 
,FEW-GROUP PARAMETERS 

t ~ 
COMPUTE AND WRITE 

OVER-ALL NEUTRON 
BALANCE 

S u b r . CORD, SIMM 
S u b r . SPOST, VET 

S u b r . SHOCK, UV, U1V1 
S u b r . PSOSΖ 

F u n e t .BIC 

S u b r . PETARD, APP, P I J 
II 

Funet 

Subr. 
II 

Funet 

SIMO, GABY 
.BIO, BI1, BKO, BK1 

THEM2, APP, PIJ 
SIMO, EFFEΤ2 
.ΒΙΟ, B U , BKO, BK1 

S u b r . WRITE, CAPPA 

S u b r . RABBIT,PFF,PIJ,GAUSS 1 
" GAUSS2 tV0L2,TFTA1,TETA2 
" TETA3,VOLPI,PRGP,COMM 
" APP, ANAL,EPSOA 

Func t .BIC,BIO,BI1 ,BKO,BK1 

S u b r . ADONE 

S u b r . NEUTRA, CAPPA 

S u b r . NEUTRA, CAPPA 

S u b r . HETER, HESSEIN 
" QREIG, QRT 

Funct .BIO,BI1 ,BKO,BK1 



39 

* 4 

COMPUTE AND WRITE 

THREE-GROUP PARAMETERS 
FOR HETER.PARAM.CALCUL. 

S u b r . HETER, BWRITE 

COMPUTE AND WRITE 

NCAS = 2 

Θ 

^wm/íim 

Ξ Q. 

LHJEP_xIMè 

TIMET 

= TIMEP 

READ 
INPUT DATA CARD J 

S u b r . BURNUP 

TOTAL ABSORPTION IN THE CELL 
TOTAL FISSION IN THE CELL 
ATOMIC DENSITIES FOR THE NEXT 
TIME-STEP (ATOM PER CM χ * 3 ) / 
FISSION PRODUCT MACR. ABSORPTION / 

CROSS SECTIONS 

Λ Subr. BURNUP, OMOGEN 

Main PINO 
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( 
READ 

INPUT DATA CARD D Main PINO 

= O INCAS = 2 I 
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5. Execution Time 

The execution time of a typical cell calculation varies from 
1 minute in the case of single rods (geometry N° 1 : Table 1) to 
3 minutes for geometry N° 13. This time is reduced by 10-20$ in 
the case in which the same calculation is repeated for different 
pitches. In fact in this case the library tape must be read com­
pletely only once to locate the isotopes of interest. 

For burn-up problems, the machine-time is somewhat reduced 
since the data must only be read for the first time-step. Thus, 
a single 19-rod problem requires of the order of 2 minutes, but 
12 time-steps may be run in 15 minutes for the same lattice cell. 



6. Input Data Specification 

Word 
Column 

Format 

Card 1 

Symbol 

1 
1­72 

18A4 

Prob lem 
I d e n t i f i ­
c a t i o n and 
d e s c r i p t i o n 

TITLE 

Word 

Column 
Format 

Card 2 

Symbol 

1 

1­2 
12 

Geometry 
i n d e x 

( s e e T a b l e 1) 

NcG 

2 

4 
11 

=1 s q u a r e 
l a t t i c e 

=2 t r i a n ­
g u l a r 

l a t t i c e 

NTft 

3 
5­6 

12 

Number of 
i s o t o p e s 
p r e s e n t in 
the c e l l 

X 

NE 

4 

8 
11 

Number of 
broad groups 
for few­
group para­
meters c a l ­
c u l a t i o n 

( * 9 ) 

X * 

NGRU 

5 
10 
11 

=1 S i m p l i ­
f i ed bum 
up c a l e . 

=2 De ta i l ed 
burn­up 
c a l e . 

(see burnup^ 

XXX 

NBU 

6 
11­12 

12 

Number of 

t i m e ­ s t e p s 
fo r com­
p l e t e c e l l 
c a l e , and 
f o r the 
g iven PU 
(see card8 
word 4) 

( ^99) 

NSTËP 

χ The i s o t o p e pre­
sen t a t s e v e r a l 
t e m p e r a t u r e s must 
be cons ide red onlj 
once. See " i s o t o ­
pes and l i b r a r y , , 
xx NGRU=4 i f h e ­
t e rogeneous p a r a ­
me te r s a r e wanted 
xxx I f burn­up i s 
not wanted column 
10­49 must be 
b lank 



Wnrrt 
Column 
Format 

Card 2 
(continued) 

Symbol 

7 
14 
11 

Number,of 
time-steps 
for thermal 
calculation 
only (spec­
tral and 
spatial) 
(always e-
qual to 1) 

N1 

8 
16 
11 

Number of 
time-steps 
for ther­
mal calcu­
lation only 
(spatial) 
(always e-
qual to 1) 

N2 

9 
17-18 
12 

10 
20 
11 

Number of =0 Atomic 
time-steps densities 
for deple- are read 
tion chainii (see osrc 
calculation 9-10) 
(* 99) s1 A t o m i c 

densities 
are cal­
culated 
(not ye1 
possible 

N3 NCC 

11 
25 
11 

=0 Chain 1 
is not 
conside­
red in 
burn-up 
calcul. 

=1 Chain 1 
is consi­
dered 

NUCAT(1) 

12-35 
26-49 
2411 

As the 
column 25 
for the 
chains 
from 2 to 
25 

NUCÀT(2-2$} 

Word Já. 37 
"56" 

38 39 40 
"5T 

41 
SÖ­
TT 

Column 55 58 
Format 11 11 11 11 11 

Card 2 
(continued 

SymBol 

=0 General 
descri­
ption 
(input 
data) 
will not 
be'prin­
ted out 

=1 will be 
printed 

MW(1) 

=0 Thermal 
parame-
ters 

(TÏÏÊ¥MOS, 

=0 Ephiter-
mal· pa­
rameters 

=0 Fas t pa·· =0 Cr i t i ca -

THEMIS 
r e s u l t s 
w i l l no 
be prin­
ted 

= 1 w i l l be 
p r i n t e d 

w i n — 

(PETARD. 
SHOCK ref 
suits) 
will not 
be prin­
ted 

=1 will be 
printed 

—NWTT) 

rameters 
(RABBIT" 
results) 
will noi 
be prin­
ted 

= 1 will be 
printed 

NW(4) 

,ίϋζ. 
(summary 
of re­
sults) 
will 
not be 
printed 

Ί will be 
printed 

NW(5) 

=0 Neutron 
balance will no'; 
be prin­
ted 

= 1 will be 
printed 

NW(6) 



Word 
Column 
Format 

Card 2 
(continued) 

Symbol 

42 
61 
11 

=0 Few-
group 
parame­
ters 
(cell a-
veraged) 
will not 
be prin­
ted 

=1 will be 
printed 

NW(7) 

43 
62 
11 

=0 Few-
group 
parame­
ters 
(modera­
tor ave­
raged) 
will not 
be prin­
ted 

=1 will be 
printed 

NW(8) 

44 
63 
11 

=0 Few-
group 
parame 
ters 
(fuel-av e 
raged) 
will not 
be prin­
ted 

=1 will be 
printed 

NW(9) 

45 
64 
11 

=0 Over-all 
neutron 
balance 
will not 
printed 

=1 will be 
printed 

NW(10) 

46 
65 
11 

=0 Three-
group 
parame-
ters 
for he­
teroge­
neous par. 
will not 
be prin­
ted 

=1 will be 
printed 

NW(11) 

47 
66 
11 

=0 Three-
group 
hetero­
geneous 
parame­
ters 
will 
not be 
printed 

=1 will be 
printed 

NW(12) 

Word 
Column 
F orma. Τ 

Card 2 
(continued) 

Symbol 

48 
67 
11 

=0 Burn-up 
(cross 
sections 
ror tie 
time-stei 
will not 
be prin­
ted 

=1 will be 
printed 

X 
NW(13) 

49 
68 
11 

=0 Atomic 
densities 
ror tne 
next 
time-
steps 
will not 
be prin­
ted 

=1 will be 
printed 

NW(14) 

χ N(13)=0 the 
burn-up w i l l 
not be calcu­
l a t e d 



Word 
Column 
Format 

Card 3 

Symbol 

1 
5 
11 

1 s t 

B r o a d - g r o u p 
l i m i t 

=9 i f 
NGRU=2 

= 2 i f 
NGRU>2 

NDG(1) 

2 
9 -10 

12 

2nd 

Broad-group 
l i m i t 

= 10 i f 
NGRU=2 

= 9 i f 
NGRU=3 

NDG(2) 

3 
14-15 

12 

3 r d 

B r o a d - g r o u p 
l i m i t 

NDG(3) 

4 
19-20 

12 

e t c . 

untilNDG(NGRu; 

5 
24 -25 

12 

e t c . 
e t c . 
e t c . 

See "few-groups 
parameters" 

Word 
Column 
Format 

Card 4 

Symbol 

1 
1-5 

15 

Temp. (°C) 
f o r f u e l 1 
m a t e r i a l 

IEM(1) 

2 
6 - 1 0 

15 

Temp. (°C) 
f o r f u e l 2 

IEM(2) 

3 
11-15 

15 

Temp.(°C) 
f o r F u e l 3 

IEM(3) 

4 
16-20 

15 

Temp.(°C) 
c a n n i n g 

IEM(4) 

5 
21-25 

15 

Temp. (°C) 
c o o l a n t 

IE1VK.5; 

6 
2 6 - 3 0 

15 

Temp. ( °C) 
f i l l e r 

lE"M(fe) 



Word 

Column 
Format 

Card 4 

Symbol 

7 

31­35 

15 

Temp.(°C) 
Pressure 
tube 

IEM(7) 

δ 
36­40 

15 

Temp.(°C) 
Insulating 

layer 

IEM(8) 

y 

41­45 
15 

Temp.(°C) 
calandria 
tube 

IEM(9) 

10 

46­50 

15 

Temp.(°C) 
Moderator 

IEM(10) 

Word 

Column 

Format 

Card 5 

Symbol 

1 

3­5 

Π 

1st reso­

nance iso­
tope 
Identifi­
cation num­
ber 

iSRISd) 

2 

8­10 

13 

2nd reso­

nance iso­
tope 
Identifi­
cation num­
ber 

ISRIS(2) 

1 

13­15 
13 

3rd reso­

nance iso­
tope 
Identifi­
cation num­
ber 

ISRIS(3) 

4 
18­20 

13 

4th reso­

nance iso­
tope 
Identifi­
cation num 
ber 

ISRIS(4) 

■5 

23­25 

13 

5th reso­

nance iso­
tope 
Identifi­
kation num­
ber 

ISRIS(5) 

See "Isotopes 
and library" 

Number of reso­
nance isotopes<5 



Word 

Column 

Format 

Card 6 

Symbol 

1 

1 ­ f i 

E8.4 

Radius of 
fuel pins 

(cm) 

RF 

2 

10­17 
E8.4 

External 

radius of 

canning 

(cm) 

RC 

3 

19­26 

E8.4 

First ring 
of rod cen­
ter circle 
rad ius(cm) 

0 if NCG=V 

R1 

4 

28­35 

E8.4 

Pitch(cm) 

Ρ 

5 

37­44 

Ë8.4 

Dancoff 
coeff.for 
NCG=1 .2 

(JDHU 

Word 

Column 

Format 

Card 7 

Symbol 

1 

1­8 
E8.4 

Internal 
radius of 
pressure 
tube (cm) 

RTI 

2 

10­17 
E8.4 

External 
radius of 
pressure 
tube (cm) 

HTE 

3 

19­26 

E8.4 

Internal 
radius of 
calandria 
tube (cm) 

RCI 

Δ 

28­35 

EB.4 

External 
radius of 
calandria 
tube (cm) 

ROE 

5 

37­44 

EB.4 

Volume fil­
ler exter­
nal to the 
rubberpband 

(cm ) 

PILI 

6 

■ 46­53 

KB.* 

Volume fil­
ler inter­
nal to the 
rubberpba nc 

(cm ) 

FIL2 

This card is to 

be supplied only 

if NCG=2,4,5,7, 

10,11,13 



Werd 
Column 

Format 

Card 7 

( c o n t i n u e d ! 

Svmbol 

7 
55 ­62 

E 8 . 4 

Volume f i l ­
l e r i n t h e 
c e n t e r of 
t h e « r o d 
(cm ) . O n l y 
f o r t h e 4 ­
r o d c l u s t e r 

FIL3 

Word 

Ρηλ ιιτηη 

Format 

Card 8 

Symbol 

1 
1­8 

E8 .4 

F u e l d e n ­
s i t y , 
( g r / c n r ) 

RHO 

2 
10­17 
E 8 . 4 

Exper imenta l 
b u c k l i n g 
used i n t h e 
Kef f ca lcur ­
l a t i o n 
( l e a k a g e 

t e r m s ) 

B2EX 

1 
19­26 

E 8 . 4 

C o n v e r g e n ­
ce c r i t e ­
r i o n , i f 0 
s t a n d a r d 

o p t i o n 
'EPS=1.10~ 

i s used 

κ 

EPS 

4 

28­35 
E 8 . 4 

F i s s i o n 

r a t e i n 
t h e c e l l 

XX 

PÜ 

5 
37 ­44 

E S . 4^ 

T i m e ­ s t e p 

l e n g t h f o r 
e v e r y NSTEî 
( s e e c a r d 
2 word 6 ) 

CE LT A Τ 

6 

46­53 

EB.4 

C o n v e r s i o n 

f a c t o r f o r 
t h e decade 
c o n s t a n t s 
i n s e c . 

ALFA 

χ Neutron density 
convergence crite­
rion in THERMOS 
flux calculation 
xx See "burn­up,, 



Word 

Column 

Format 

Card 8 

(continued) 

Symbol 

7 

55­62 

E8.4 

Time at 
end of 
burn­up 
calcula­
tion 

TIMET 

8 

64­71 

E8.4 

Time at 
wich the 
PU value 
will be 
changed 

TIMEP 

Word 

Column 
Format 

Card 9 

Symbol 

1 

1­5 

15 

First iden­
tification 
number of 
the isoto­
pe I 
(see "Iso­
topes and 
Library") 

ISTBA(I) 

2 

10­17 
E8.4 

Density 

(nuclei/ 
barn cm) 
of the iso­
tope I in 
the mat. 
fuel 1 

EN(I,1) 

3 
19­26 
E8.4 

Density is» 

tope I in 
the mat. 
■fuel 2 

EN (1,2) 

4 

28­35 
E8.4 

Density 

isotope I 
in fuel 3 

EN(I,3) 

5 

37­44 
E8.4 

Density iso­

topes I in 
canning 

EN(I,4) 

6 

46­53 
E8.4 

Density 

isotope I 
in coolant 

EN(I.5) 

Card 9 and card 
10 need to be re­
peated NE times 
(see card 2 word 
3) 



Wn-rvl 

C n l iitTin 

Fermat 

Card 9 
(continued) 

Symbol 

7 

55­62 

E8.4 

Density 

isotopes I 
in filler 

ENÍI.6) 

Word 

'"VI UHM 
Format 

Card 10 

Symbol 

1 

1­8 

E8.4 

Density 

isotopes I 
in ins. 
layer 

ΕΜ(Ι,δ) 

8 
64­71 

E8.4 

Density 

isotopes I 
in pressu­

re tube 

EN(I.7) 

2 

10­17 

E8.4 

Density iso­

topes I in 
calandria 
tube 

EN(T,9J 

3 
19­26 
E8.4 

Density 

isotopes I 
in modera­

tor 

EN(I,10) 



Word 

Column 
Format 

Card 11 

Symbol 

1 

1­2 
12 

Number of 
t i m e ­ s t e p s 
f o r t h e new 
v a l u e of PU 

( $ 9 9 ) 

NSTEP 

2 
à 

11 

= 1 
( s e e c a r d 
2word 7) 

N1 

λ 
6 

11 

= 1 
( s e e c a r d 
2 word 8 ) 

N2 

4 

7 ­ 8 
12 

Number of 
t i m e ­ s t e p s 
f o r d e p l e ­
t i o n c h a i n s 
c a l c u l a t i o r 

( * 99) 

Nl 

5 
10­17 
E8 . ¿ 

F i s s i o n 
r a t e i n 
t h e c e l l 

FU 

6 
19­26 

E8 .4 

T i m e ­ s t e p s 
l e n g t h f o r 
e v e r y NSTEl 
( s e e word 
D 

DELTAT 

This card is to 

be supplied only 

if burn­up calcul 

is wanted, if 

' 0 <TIMEP < TIMET 

(see card 8 word 
7­8) and must be 
repeated until 
TIMEP = TIMET 

W^rd 
f!n 1 umn 

Format 

Card 11 
( c o n t i n u e d ' 

Symbol 

7 
?fl_7R 

E8.4 

Time from 
z e r o t o 
t h e moment 
a t wich 
t h e PU v a ­
l u e w i l l 
be changed 

TIMEP 



W^WÍ 

Column 

Card 12 

Symbol 

1 

1­8 
E8.4 

New value 
of the pitci 
(cm) for a 
calculation 
of the cell 
given 

X 

Ρ 

2 

10­17 
E8.4 

Experimental 
; buckling 
for the new 
pitch 

B2EX 

χ If this is 
blank card t'f 

next 
be a 
new 

repe 
ing 

χ Ρ 

pr 

problem 
complete 

problem, 
at input 

a 
ie 

will 

iy 
thus 
start 

with card 1 

= ­1 no more 
oblems 



7. Example of Input 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

1 

I 

1 

4 

1 

1 

1 

1 

1 

I 

2 

S 

7 

2 

0 

' ■ 

0 

2 

S 

2 

3 

Ρ 

2 

2 

5 

3 

0 

0 

2 

2 

0 

0 

Ρ 

4 

R 

1 

2 

3 

6 

5 

5 

0 

1 

3 

3 

1 

2 

0 

Κ 

1 

5 

A 

2 

7 

5 

0 

0 

4 

1 

2 

5 

8 

6 

7 

2 

A 

6 

7 

0 

0 

0 

β 

7 

6 

♦ 

♦ 

♦ 

6 

8 Í 

/ ; 

4 

2 : 

0 

0 

1 

/ 

2 

10 

! / 

4 

! 7 

) 8 

1 

4 

3 

3 

2 

3 

6 

Ι Ι 

2 

11 

e 

6 

12 

8 

3 

7 

3 

2 

3 

2 

0 

β 

1 

Ι3 

7 

5 

7 

6 

2 

3 

2 

14 

υ 

2 

5 

0 

0 

2 

9 

β 

9 

Β 

1 

15 

C 

9 

7 

0 

0 

0 

0 

1 

7 

3 

υ 

16 

/ 

♦ 

♦ 

-

-

-

-

-

R 

1 

7̂ 

7 

0 

0 

4 

2 

4 

; 

2 

2 

Ν 

Ιβ 

/ 

-

4 

19 

2 

1 

2 

2 

5 

1 

3 

2 

3 

3 

6 

υ 

20 

3 

0 

7 

Ρ 

0 

21 

9 

0 

7 

2 

3 

2 

3 

6 

22 

5 

5 

5 

9 

6 

2 

3 

2 

2 

S 

23 

0 

0 

3 

2 

9 

8 

0 

3 

Ι 

24 

D 

2 

0 

0 

2 

0 

1 

7 

7 

4 

Ν 

25 

Ι 

7 

♦ 

♦ 

-

-

-

-

-

-

G 

2t 

Ρ 

0 

0 

4 

2 

4 

2 

2 

2 

L 

1 

η 

Η 

Ε 

1 

¿f 

Υ 

2 

5 

ί* 

L 

2 

R 

30 

/ 

7 

3 

2 

0 

31 

D 

5 

0 

D 

32 

2 

0 

0 

33 

9 

0 

0 

Ρ 

34 

2 

+ 

+ 

I 

35 

9 

7 

1 

0 

τ 

V. 

9 

C 

37 

5 

Η 

1 

36 

7 

1 

39 

3 

2 

2 

1 

1 

lu 

7 

7 

5 

1 

41 

Ν 

2 

1 

42 

E 

7 

6 

1 

43 

L 

-

8 

1 

44 
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8. Sample Output 

* CCR EURATOM * 
* REACTOR PHYSICS DEPARTMENT * 
* REACTOR THEORY ANO ANALYSIS * 

******************************************* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

L. 

* PINOCCHIO * 
PIN OR.CONCENTRIC CYLINDERS 
HETEROGENEOUS INVESTIGATION 

OF ORGEL 

AMYOT - G. CASINI - R. CUNIBERTI 
C. DAOLIO - A. KIND 

DECEMBER 1967 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 

******************************************* 

ISPRA 6/2/68 UC/7/23.5 ÛIPHYL/D20 99.73 NELKIN MODEL EXPO ECO ZED-2 Ρ 

1) GENERAL DESCRIPTION 

GEOMETRY 

NUMBER OF FUEL RODS = 7 
TYPE OF LATTICE = SQUARE 
GEOMETRICAL CONFIGURATION NUMBER = 7 
NUMBER OF ISOTOPS = 7 

RADIUS FUEL ROD = 1.259999 
RADIUS CANNING = 1.375000 
DISTANCE BETWEEN RUDS = 2.950000 
PITCH = 23.500000 
RADIUS INT. OF PRESS. TUBF = 4.549999 
RADIUS EXT. OF PRESS. TUBE = 4.750000 
RADIUS INT. OF CAL. TUBE = 5.049999 
RADIUS EXT. OF CAL. TUBE = 5.200000 

TOTAL VOLUME OF THE FILLER = 0.0 
FILLER VOLUME INT. RUBBER BAND = 0.0 
FILLER VOLUME IN THE CENTRAL REG.= 0.0 

αϊ 
KJÌ 



ATOMIC DENSITIES, TEMPERATURES, DENSITY FUEL, PURITY D20 AND VOLUMES OF PURE MATERIALS 

TEM.CC) 
DENSITY 

12001 
10012 

235 
238 

10016 
27 

12002 

PART.V. 
TOT.V. 

FUEL 
27 

1.3540E 

0.0 
3.2620E-
2.3291E-
3.2387E-
0.0 
0.0 
0.0 

4.9876E 4.9876E 

1 

01 

-02 
-04 
-02 

00 
00 

FUEL 
27 

0.0 
3.2620E-
2.3291E-
3.2387E-
0.0 
0.0 
0.0 

4.9876E 2.9925E 

2 

-02 
-0* 
-02 

00 01 

FUEL 3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 

27 
CANNING 

27 

0.0 
0.0 
0.0 
0.0 
0.0 
5.2727E-
0.0 

9.5199E-6.6639E 

-02 

-01 00 

COOLANT 
27 

3.8616E-02 
4.6340E-02 
0.0 
0.0 
2.7624E-03 
0.0 
0.0 

2.3462E 01 2.3462E 01 

FILLER 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 

27 
PR. TUBE 

27 

0.0 
0.0 
0.0 
0.0 
0.0 
6.0293E-
0.0 

5.8434E 
5.8434E 

-02 

00 
00 

INS. LAYER 
27 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

9.2363E 9.2363E 00 00 

CAL. TUBE 
27 

0.0 
0.0 
0.0 
0.0 
0.0 
6.0293E-
0.0 

4.8302E 4.8302E 

-02 

00 
00 

MODERATOR 
27 

1.7932E-04 
0.0 
0.0 
0.0 
3.3207E-02 
0.0 
6.6234E-02 

4.6730E 02 4.6730E 02 

ISOTOPES WITH RESONANCE ABSORPTION 235 238 



2) THERMAL PARAMETERS 

A) SPECTRUM CALCULATION (THERMOS) 

SPACE POINTS= 5 GROUPS= 30 MIXTURES^ 5 ENERGY CUTOFF INDEX = 30 

ISOTOPE CONC MIX 1 
USED IN 
12001-10012-235-238-10016-2 7-12002-
REGIUN 
MIXTURE 

CELL 
27 8.18276E-03 27 3.14069E-02 27 1.54136E-04 27 2.14332E-02 27 5.85355E-04 27 6.66024E-03 27 0.0 

HO 1 2 3 4 
NO 1 2 3 4 

CONC MIX 2 

8.18276E-03 3.14069E-02 1.54136E-04 2.14332E-02 5.85355E-04 6.66024E-03 
0.0 
5 
5 

CONC MIX 3 

8.18276E-03 3.14069E-02 1.54136E-04 2.14332E-02 5.85355E-04 6.66024E-03 0.0 * 

CONC MIX 4 

1.47335E-02 1.76805E-02 
0.0 0.0 1.05396E-03 1.99904E-02 
0.0 

CONC MIX 5 

1.79320E-04 
0.0 0.0 0.0 3.32070E-02 
0.0 6.62340E-02 

CYLINDRICAL GEOMETRY - NO LEAKAGE 
REGION THICKNESS 

1 1.54886E 00 
2 1.27452E 00 
3 1.27452E 00 
4 1.10210E 00 
5 8.05846E 00 

--1 
INT 

1 
2 
3 
4 
5 

VOLUME 

7.53656E 
1.75065E 
2.77129E 
3.21926E 
4.67301E 

00 
01 
01 
01 
02 

R(CENTER) 

0.0 
2.18612E 00 
3.46064E 00 
4.64895E 00 
9.22923E 00 

R(INNER) 

0.0 
1.54886E 
2.82338E 
4.09790E 
5.20000E 

00 
00 
00 
00 



THERMAL FLUX SPECTRUM (Κ,Ι,Ν(Κ,Ι)) 
ι ι 1 
ι 1 1 2 2 2 2 2 2 3 3 3 3 3 
3 4 4 4 4 4 4 5 5 5 
5 5 5 

1 
6 11 Ιό 21 26 1 6 11 16 21 26 
ι 6 11 16 21 

26 1 6 11 16 21 26 1 6 11 
16 21 26 

3.6587Ε-03 
4.5048Ε-02 3.7225Ε-03 1.0681Ε-03 4.7233Ε-04 4.1658Ε-04 5.9383Ε-03 6.4562Ε-02 4.1730Ε-03 1.0720Ε-03 4.6701Ε-04 4.1131Ε-04 1.1032Ε-02 9.9266Ε-02 5.0502Ε-03 1.1476Ε-03 4.8837Ε-04 
4.2953Ε-04 2.9380Ε-02 1.6558Ε-01 6.3281Ε-03 1.2402Ε-03 5.1140Ε-04 4.5024Ε-04 4.3901Ε-02 2.2389Ε-01 7.7216Ε-03 
1.3641Ε-03 5.4624Ε-04 4.7757Ε-04 

1 
1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 
3 4 4 4 4 4 
h 5 5 5 
5 5 5 

2 
7 12 17 22 27 2 7 12 17 22 27 2 7 12 17 

11 27 2 7 12 17 
11 
η 

1 7 12 
17 22 27 

1.3732Ε-02 
4.-V098E-02 2.0802Ε-03 8.1766Ε-04 4.6112Ε-04 3.9207Ε-04 2.2575Ε-02 6.0517Ε-02 2.1914Ε-03 8.1542Ε-04 4.5592Ε-04 3.8665Ε-04 4.0992Ε-02 8.8827Ε-02 2.4966Ε-03 8.6391Ε-04 4.7688Ε-04 
4.0294Ε-04 9.4438Ε-02 1.3866Ε-01 2.9383Ε-03 9.1908Ε-04 4.9997Ε-04 4.2181Ε-04 1.3345Ε-01 1.8442Ε-01 3.4397Ε-03 
9.8850Ε-04 5.3499Ε-04 4.4146Ε-04 

1 
1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 
3 4 4 4 4 4 4 5 5 5 
5 5 5 

3 
8 13 18 23 28 3 8 13 18 23 28 3 8 13 18 23 

28 3 8 13 18 23 28 3 8 13 
18 23 28 

2.3002Ε-02 
3.2293Ε-02 1.6259Ε-03 6.1226Ε-04 4.4025Ε-04 3.8778Ε-04 3.6617Ε-02 4.2635Ε-02 1.6788Ε-03 6.0795Ε-04 4.3551Ε-04 3.8050Ε-04 6.3796Ε-02 6.0100Ε-02 1.8734Ε-03 6.3961Ε-04 4.5613Ε-04 
3.9241Ε-04 1.3200Ε-01 8.9072Ε-02 2.1593Ε-03 6.7383Ε-04 4.8032Ε-04 <V.0151E-04 1.8493Ε-01 1.1675Ε-01 2.4950Ε-03 
7.2794Ε-04 5.1112Ε-04 4.1139Ε-04 

1 
1 
ι 1 1 1 2 2 2 2 2 2 3 3 3 3 3 
3 4 4 4 
<♦ 

4 
4 
5 
5 
5 
5 
5 
5 

4 
9 
14 
19 
24 
29 
4 
9 
14 
19 
2<V 
29 
4 
9 
14 
19 
24 
29 
4 
9 
14 
19 
24 
29 
4 
9 
14 
19 
24 
29 

3.3847Ε-02 
2.1851Ε-02 
1.4200Ε-03 
5.0U8E-04 
4.3322Ε-04 
3.5955Ε-04 
5.1989Ε-02 
2.7941Ε-02 
1.4507Ε-03 
4.9612Ε-04 
4.2835Ε-04 
3.5207Ε-04 
8.5936Ε-02 
3.8185Ε-02 
1.5965Ε-03 
5.1978Ε-04 
4.4834Ε-04 
3.6115E-C4 
1.6096Ε-01 
5.4634Ε-02 
1.8041Ε-03 
5.4593Ε-04 
4.7167Ε-04 
3.6497Ε-04 
2.2280Ε-01 
7.0537Ε-02 
2.0607Ε-03 
5.7913Ε-04 
5.0186Ε-04 
3.7395Ε-04 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 

5 
10 
15 
20 
25 
30 
5 
10 
15 
20 
25 
30 
5 
10 
15 
20 
25 
30 
5 
10 
15 
20 
25 
30 
5 

10 
15 
20 
25 
30 

4.1620Ε-02 
1.1454Ε-02 
1.2363Ε-03 
4.8458Ε-04 
4.2694Ε-04 
2.6897Ε-04 
6.1447Ε-02 
1.4044Ε-02 
1.2515Ε-03 
4.7919Ε-04 
4.2194Ε-04 
2.6416Ε-04 
9.7430Ε-02 
1.8427Ε-02 
1.3584Ε-03 
5.0112Ε-04 
4.4130Ε-04 
2.7087Ε-04 
1.7053Ε-01 
2.5048Ε-02 
1.5024Ε-03 
5.2451Ε-04 
4.6375Ε-04 
2.7500Ε-04 
2.3286Ε-01 
3.1959Ε-02 
1.6875Ε-03 
5.5862Ε-04 
4.9314Ε-04 
2.8749Ε-04 

ITCNT= 32 REN0RM= 9.99993Ε­01 EPSA= 4.50467Ε­06 EPS= l.OOOOOE­04 
LARGEST RES= 4.23193E­06 MEAN RES= 1.64495E­07 N(V*I= 2.21353E­04 

POINT REG MIX AVE V 

I 
2 
3 
4 
5 

1 
1 
ι 
2 
3 

1.60991 
1.49815 
1.39653 
1.26814 
1.23318 

Κ3\ 

ΟΟ 

V AVE 1.24252 



MICROSCOPIC CROSS SECTIONS 
(WITHOUT TRANSPORT CORRECTION) 

ABSORPTION NU-FISSION TRANSPORT SCATTERING TOTAL 

REGION 

12001-
10012-

235-
238-

10016-
27-

12002-

REGION 

12001-
10012-

235-
238-

10016-
27-

12002-

REGION 

12001-
10012-

235-
238-

10016-
27-

12002-

REGION 

12001-
10012-

235-
238-

10016-
2 7-

12002-

REGION 

12001-
10012-

235-

1 

27 
27 
27 
27 
27 
27 
27 

2 

27 
27 
27 
27 
27 
27 
27 

3 

27 
27 
27 
27 
27 
27 
27 

4 

27 
27 
27 
27 
27 
27 
27 

5 

27 
27 
27 

2.0622E-01 
2.U19E-03 
3.9515E 02 
1.6833E 00 
1.1057E-04 
1.4970E-01 
2.8580E-04 

2.2161E-01 
2.2695E-03 
4.2882E 02 
1.8089E 00 
1.1881E-04 
1.6086E-01 
3.07UE-04 

2.3773E-01 
2.4346E-03 
4.6443E 02 
1.9405E 00 
1.2746E-04 
1.7257E-01 
3.2944E-04 

2.6180E-01 
2.6811E-03 
5.1830E 02 
2.1370E 00 
1.40 36E-04 
1.9004E-01 
3.6278E-04 

2.6922E-01 
2.7571E-03 
5.3479E 02 

0.0 
0.0 
8.1621E 02 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
8.8655E 02 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
9.6079E 02 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
1.0726E 03 
0,0 
0.0 
0.0 
0.0 

0.0 
0.0 
1.1069E 03 

2.0160E 
4.5481E 
2.2501E 
1.2329E 
3.5606E 
1.5218E 
3.3684E 

2.1720E 
■V.5635E 
2.5515E 
1.2449E 
3.5699E 
1.5348E 
3.4882E 

2.3394E 
4.5814E 
2.9019E 
1.2575E 
3.5808E 
1.5484E 
3.6136E 

2.5640E 
4.6131E 
3.3870E 
1.2755E 
3.6002E 
1.5687E 
3.7864E 

2.6534E 
4.6224E 
3.6121E 

01 
00 
02 
01 
00 
00 
00 

01 
00 
02 
01 
00 
00 
00 

01 
00 
02 
01 
00 
00 
00 

01 
00 
02 
01 
00 
00 
00 

01 
00 
02 

3.3296E 
4.9028E 
1.6888E 
1.0750E 
3.8065E 
1.4692E 
4.3347E 

3.4721E 
4.9152E 
1.7003E 
1.0750E 
3.8135E 
1.4706E 
4.4387E 

3.6208E 
4.929',Ε 
1.7108E 
1.0750E 
3.8216E 
1.4722E 
4.5468E 

3.8216E 
4.9546E 
1.7220E 
1.0750E 
3.8364E 
1.4753E 
4.6972E 

3.8938E 
4.9621E 
1.7262E 

Ol . 
00 
Ol 
Ol 
00 
00 
00 

Ol 
00 
Ol 
Ol 
00 
00 
00 

Ol 
00 
Ol 
Ol 
00 
00 
00 

Ol 
00 
Ol 
Ol 
00 
00 
00 

Ol 
00 
Ol 

3.3502E 
4.9050E 
4.1203E 
1.2433E 
3.8066E 
1.6189E 
4.3350E 

3.4942E 
4.9175E 
4.4582E 
1.2559E 
3.8136E 1.63Ϊ4Ε 4.4390E 

3.6446E 4.9318E 4.8154E 1.2691E 3.8218E 1.6448E 4.5471E 

3.8478E 4.9573E 5.3552E 1.2887E 3.8365E 1.6653E 4.6976E 

3.9207E 4.9648E 5.5205E 

Ol 00 02 Ol 00 00 00 

Ol 00 02 Ol 00 00 00 

Ol 00 02 Ol 00 00 00 

Ol 00 02 Ol 00 00 00 

Ol 00 02 

KJI 
KO 
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8) SPATIAL CALCULATIONS (THEMIS) 

MACROSCOPIC CROSS SECTIONS 

RING 
NUMBER 

1 
2 3 4 5 6 7 8 9 MODERATOR 

EXTERNAL 
RADIUS 
1.2600 
1.3750 1.5489 4.0979 4.5500 4.7500 5.0500 5.2000 6.5361 

M.F.P. 

1.6665E 00 1.2462E 01 1.0009E 00 1.4928E 00 8.2383E-01 1.0573E 01 0.0 
1 . 0 5 7 3 E 01 
2 . 6 3 6 7 E 00 
2 . 6 3 6 7 E 00 

SOURCES 

8 . 2 2 3 2 E - 0 4 
3 . 4 4 0 7 E - 0 5 
9 . 1 6 5 5 E - 0 3 
6 . 3 7 0 8 E - 0 2 
8 . 3 9 2 3 E - 0 2 
3 . 0 5 8 7 Ε - 0 · ν 
0 . 0 
2 . 5 5 6 5 E - 0 4 
7 . 7 0 9 0 E - 0 2 
6 . 8 7 9 6 F - 0 1 

TOTAL 

6 . 5 8 6 < » E - 0 l 
8 . 5 3 6 1 E - 0 2 
1 . 5 3 1 5 E 00 
8 . 2 9 8 6 E - 0 1 
1 . 7 2 6 2 E 00 
1.0041E-01 
0 . 0 
1.0041E-01 
4 . 4 9 0 6 E - 0 1 
3 .7927E-01 

ABSORPTION 

1.4662E-01 7.8931E-03 8.0617E-03 1.1217E-01 1.0234E-02 1.1458E-02 0.0 1.1458E-02 7.7779E-05 7.7779E-05 

CROSS SECTIONS NU-FISSION ABSORPTIONI FUEL) DIFFUSION 
5.1202E-01 7.7468E-02 1.5235E 00 7.1768E-01 1.7160E 00 8.8950E-02 0.0 8.8950E-02 4.4898E-01 4.4898E-01 

1.9010E-01 0.0 0.0 1.4232E-01 0.0 0.0 0.0 0.0 0.0 

1.4655E-01 0.0 0.0 1.0876E-01 0.0 0.0 0.0 0.0 0.0 

DISADVANTAGE FACTOR FOR CANNING DISADVANTAGE FACTOR FOR COOLANT 1.0803E 00 1.1437E 00 

RING NUMBER 
1 2 3 4 5 6 7 8 9 MODERATOR 

FLUX 
l.OOOOE 00 1.0789E 00 1.1434E 00 1.3831E 00 2.0966E 00 2.4222E 00 2.4535E 00 2.4848E 00 2.6887E 00 3.2250E 00 

SPATIAL FLUX DISTRIBUTION IN MODERATOR 
DISTANCE FROM CENTER 

6.5361E 00 00 7.2084E 7.8806E 00 8.5528E 00 9.2251E 00 9.B973E 00 1.0570E 01 1.1242E 01 1.1914E 01 1.2536E 01 1.3258E 01 
ROD BLACKNESS THERMAL UTILISATION FACTOR THERMAL MULTIPLICATION FACTOR DIFFUSION COEFFICIENT DIFFUSION AREA TH. NEUT. LIFETIMt(CRIT.CORE) 

FLUX 
2.7525E 00 2.8659E 00 2.9672E 00 3.0582E 00 3.1403E 00 3.2145E 00 3.2819E 00 3.3430E 00 3.3985E 00 3.4489E 00 3.4947E 00 

1.9554E-01 8.9172E-01 1.1658E 00 8.676"»E-01 1.6695E 02 6.6703E-04 



3) EPITHERMAL PARAMETERS 

iANCOFF COEFFICIENT CALCULATION (SHOCK-II) 

TOTAL CROSS SECTIONS 
CANNING 7.3818E-02 COOLANT 1.0141E 00 

MATRIX OF GROUPS OF SYMMETRY 

RODS 1 2 3 4 5 6 7 

1 
2 
3 
4 
5 
6 
7 

0 
I 
2 
3 
2 
1 
4 

1 
0 
I 
2 
3 
2 
4 

2 
1 
0 
I 
2 
3 
4 

3 
2 
1 
0 
1 
2 
4 

2 
3 
2 
I 
0 
1 
4 

1 
2 
3 
2 
1 
0 
4 

4 
4 
4 
4 
4 
4 
0 

COUPLES TO BE CONSIDERED 
ROD N. 1 WITH RODS N. 2- 3- 4- 7- *> 



DANCOFF COEFFICIENTS FOR EVERY GROUP OF SYMMETRY 

RODS GROUP DANCOFF 
I J SYMMETRY COEFF. 
1 2 1 0.85425019E-01 
1 3 2 0 .10307513E-02 
1 4 3 0 . 0 1 7 4 0.85425019E-01 

DANCOFF COEFFICIENTS FOR EVERY ROD WITH RESPECT TO ALL OTHERS 

ROD DANCOFF COEFF. 
1 0.25833654E 00 2 0.25833654E 00 3 0.25833654E 00 4 0.25833654E 00 5 0.25833654E 00 6 0.25833654E 00 
7 0.51255012E 00 

FOR THE FUEL IN THE CLUSTER 
TOTAL 0.29465252E 00 

OJ 



Β) RESONANCE ESCAPE PROBABILITY, FISSION FACTOR AND SLOWING DOWN AREA CALCULATION (PETARD) 

REGION 

1 
2 
3 
* 
5 
6 
7 
8 
9 
10 
11 
12 

SQUARE R 

RADIUS 

1.2600 
1.3750 
1.5489 
4.0979 
4.5500 
4.7500 
5.0500 
5.2000 
6.5361 
8.7769 
11.0177 
13.2585 

OCT S/M = 

SPAT.SOURCE 

0.1000E 01 
0.0 
0.0 
0.1000E 01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.8341E-01 

GROUP 

LET.WID. 
SOUR.SP. 

2.0000E 00 
5.7333E-01 

2.5000E 00 
4.1130E-01 

235 RESONANCE INTEGRALS 

ABSORPTION 

1.2500E 00 
1.5365E-02 

3.5000E 00 2.0000E 00 9.9998E-01 5.0000E-01 

8 

l.OOOOE 00 1.5000E 00 

REG.FUEL 

FISSION 

REG.FUEL 

A<238) 
BÍ238) 

1 

2 

1 

2 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

4.1200E-
0.0 

-01 

0.0 
0.0 

0.0 
0.0 

1.6728E 
1.2676E 

00 
00 

0.0 
0.0 

0.0 
0.0 

7.2872E-
2.8884E 

-01 

00 

0.0 
0.0 

0.0 
0.0 

4.9770E-
2.3566E 

-01 
00 

1.9851E 01 
1.9851E 01 

2.3384E 01 
2.3384E 01 

3.3953E-01 
3.4477E 00 

7.0273E 01 
7.0273E 01 

7.4344E 01 
7.4344E 01 

2.6827E-01 
4.4082E 00 

6.4801E 01 
6.4801E 01 

8.1628E 01 
8.1628E 01 

2.0763E-01 

1.0186E 01 



GROUP 

MACROSCOPIC CROSS SECTIONS 

NU-FISSION 

REGION 1 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 

4.9377E-
0 . 0 
0 . 0 
3.2677E-
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

-02 

-02 

1.2963E-03 
0 . 0 
0 . 0 
8.5789E-04 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.0892E-02 
0 . 0 
0 . 0 
7.2084E-03 
0 . 0 
0 . 0 
ο.,ο 
0 . 0 
0 . 0 
0 , 0 
0 . 0 
0 . 0 

1.7316Ε-
0 . 0 
0 . 0 
1.1459Ε-
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

-02 

-02 

1.2675Ε-02 
0 . 0 
0 . 0 
8 .3880Ε-03 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

TOTAL TRANSPORT 

EGION l 
2 
3 
<t 

5 
6 
7 
8 
9 

10 
11 
12 

1.9434E-01 
1 .0497E-01 
1 .3374E-01 
1 .7021E-01 
1.3374E-01 
1.2003E-01 
0 . 0 
1.2003E-01 
1 .3838E-01 
1 .3838E-01 
1 .3838E-01 
1 .3838E-01 

3 .4153E-01 
1 .8914E-01 
2 .8903E-01 
3 . U 1 6 E - 0 1 
2 . 8 9 0 3 E - 0 1 
2 .1628E-01 
0 . 0 
2 .1628E-01 
2 .9228E-01 
2 .9228E-01 
2 . 9 2 2 8 E - 0 1 
2 .9228Ë-01 

4 .9888E-01 
3 .0671E-01 
4 .7151E-01 
4 . 6 8 8 0 E - 0 1 
4 . 7 1 5 1 E - 0 1 
3 .5073E-01 
0 . 0 
3 .5073E-01 
2.6-V03E-01 
2 .6403E-01 
2 .6403E-01 
2 .6403E-01 

5 .1331E-01 
7 .6022E-02 
4.837<tE-01 
4 . 5 1 8 1 E - 0 1 
4 . 8 3 7 4 E - 0 1 
8 .6931E-02 
0 . 0 
8.6931E-02 
2 . 6 5 9 5 E - 0 1 
2 . 6 5 9 5 E - 0 1 
7 .6595E-01 
2 .6595E-01 

5 .2079E-01 
7 .3027E-02 
4 . 7 7 2 2 E - 0 1 
4 . 5 5 0 0 E - 0 1 
4 . 7 7 2 2 E - 0 1 
8 .3506E-02 
0 . 0 
8.3506E-02 
2 .6922E-01 
2 .6922E-01 
2 .6922E-01 
2 .6922E-01 

5 .3387E-01 
7 .3160E-02 
4 . 7 7 9 1 E - 0 1 
4 .6381E-01 
4 . 7 7 9 1 E - 0 1 
8 .3658E-02 
0 . 0 
8 .3658E-02 
2 . 6 9 1 3 E - 0 1 
2 .6913E-01 
2 .6913E-01 
2 .6913E-01 

5 .9093E-01 
7 .3552E-02 
4 . 7 9 2 3 E - 0 1 
5 . 0 1 9 1 E - 0 1 
4 . 7 9 2 3 E - 0 1 
8 .4107E-02 
0 . 0 
8 .4107E-02 
2 .6914E-01 
2 . 6 9 1 4 E - 0 1 
2 . 6 9 1 4 E - 0 1 
2 . 6 9 1 4 E - 0 1 

5 .6158E-01 
7 .3556E-02 
4 . 7 9 3 4 E - 0 1 
4 . 8 2 5 1 E - 0 1 
4 . 7 9 3 4 E - 0 1 
8 . 4 U 1 E - 0 2 
0 . 0 
8 .4111E-02 
2 . 6 9 1 5 E - 0 1 
2 . 6 9 1 5 E - 0 1 
2 .6915E-01 
2 . 6 9 1 5 E - 0 1 

5 .7289E-01 
7 .4656E-02 
4 . 8 6 4 7 E - 0 1 
4 . 9 1 6 5 E - 0 1 
4 . 8 6 4 7 E - 0 1 
8 .5369E-02 
0 . 0 
8 .5369E-02 
2 . 6 9 1 6 E - 0 1 
2 . 6 9 1 6 E - 0 1 
2 . 6 9 1 6 E - 0 1 
2 . 6 9 1 6 E - 0 1 

TRANSFER I-TH 

REGION 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

0 . 0 
8.6451E-
1.0271E-
2.1774E-
1.0271E-
9.8856E-
0 . 0 
•Ì.8856E-
4.7937E-
■V.7937E-
4 .7937E-

11 
-07 
-08 
-07 
- 1 1 

- 1 1 
-10 
-10 
-10 

0 . 0 
6.5524E-10 
2 .9077E-06 
6 .1623E-07 
2 .9077E-06 
7 .4926E-10 
0 . 0 
7.4926E-10 
1.3503E-08 
1.3503E-08 
1.3503E-08 

2.8285E-
0 . 0 
2.4797E-
5.2546E-
2.4797E-
0 . 0 
0 . 0 
0 . 0 
1.1515E-
1.1515E-
1.1515E-

- 10 

-05 
-06 
-05 

-07 
- 0 7 
-07 

0 . 0 
0 . 0 
5.1576E-
1.0929E-
5.1575E-
0 . 0 
0 . 0 
0 . 0 
2.3950E-
2.3950E-
2.3950E-

- 04 
- 0 4 
- 0 4 

- 0 6 
- 0 6 
- 0 6 

0 . 0 
0 . 0 
6.1515E-
1.3035E-
6.1515E-
0 . 0 
0 . 0 
0 . 0 
2.8566E-
2.8566E-
2.8566E-

- 03 
-03 
-03 

-05 
-05 
-05 

0 . 0 
0 . 0 
2.4617E-
5.2162E-
2.4617E-
0 . 0 
0 . 0 
0 . 0 
1.1431E-
1.1431E-
1.1431E-

- 0 2 
-03 
- 0 2 

- 0 4 
- 0 4 
- 0 4 

0 . 0 
0 . 0 
5.0738E-
1.0751E-
5.0738E-
0 . 0 
0 . 0 
0 . 0 
2.3561E-
2.3561E-
2.3561E-

- 02 
-02 
-02 

- 0 4 
- 0 4 
- 0 4 

C O 
0 . 0 
1.1101E-
2.3524E-
1 . U 0 1 E -
0 . 0 
0 . 0 
0 . 0 
9.2663E-
9.2663E-
9.2663E-

- 0 1 
-02 
- 0 1 

-03 
-03 
-03 

1.7665E-02 
3 .6828E-03 
4 . 3 8 7 2 E - 0 1 
1 .0512E-01 
4 . 3 8 7 2 E - 0 1 
4 .2113E-03 
0 . 0 
4 .2113E-03 
1 .1473E-01 
1 .1473E-01 
1 .1473E-01 



12 

RESONANCE 

REGION 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

4 . 7 9 3 7 E - 1 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 . 3 5 0 3 E - 0 8 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 . 1 5 1 5 E - 0 7 

1 . 0 6 7 5 E - 0 2 
0 . 0 
0 . 0 
7 . 0 6 4 4 E - 0 3 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 . 3 9 5 0 E - 0 6 

1 . 8 8 0 3 E - 0 2 
0 . 0 
0 . 0 
1 . 2 4 4 4 E - 0 2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 . 8 5 6 6 E - 0 5 

2 . 5 0 5 6 E - 0 2 
0 . 0 
0 . 0 
1 . 6 5 8 2 E - 0 2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 . 1 4 3 1 E - 0 4 

3 . 7 7 5 1 E - 0 2 
0 . 0 
0 . 0 
2 . 4 9 8 3 E - 0 2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 . 3 5 6 1 E - 0 4 

9 . 4 5 2 9 E - 0 2 
0 . 0 
0 . 0 
6 . 2 5 5 8 E - 0 2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

9 . 2 6 6 3 E - 0 3 

6 . 5 5 1 8 E - 0 2 
0 . 0 
0 . 0 
4 . 3 3 5 9 E - 0 2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 . 1 4 7 3 E - 0 1 

7 . 6 8 7 5 E - 0 2 
0 . 0 
0 . 0 
5 . 0 8 7 5 E - 0 2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

OUTSCATTERING 
REGION 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ABSORPTION 

REGION 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

RENOVAL 

7 . 9 0 5 1 E - 0 2 
2 . 2 4 5 1 E - 0 2 
7 . 0 3 5 0 E - 0 2 
7 . 0 0 5 7 E - 0 2 
7 . 0 3 5 0 E - 0 2 
2 . 5 6 7 3 E - 0 2 
0 . 0 
2 . 5 6 7 3 E - 0 2 
9 . 1 5 1 2 E - 0 2 
9 . 1 5 1 2 E - 0 2 
9 . 1 5 1 2 E - 0 2 
9 . 1 5 1 2 E - 0 2 

1 . 8 5 9 7 E - 0 2 
4 . 2 2 9 3 E - 0 4 
5 . 0 3 2 7 E - 0 5 
1 . 2 3 7 1 E - 0 2 
5 . 0 3 2 7 E - 0 5 
4 . 8 3 6 2 E - 0 4 
0 . 0 
4 . 8 3 6 2 E - 0 4 
6 . 0 4 7 7 E - 0 4 
6 . 0 4 7 7 E - 0 4 
6 . 0 4 7 7 E - 0 4 
6 . 0 4 7 7 E - 0 4 

1 . 4 6 2 3 E - Û 2 
8 . 5 1 6 5 E - 0 3 
1 . 5 0 0 1 E - 0 1 
4 . 2 5 4 0 E - 0 2 
1 . 5 0 0 1 E - 0 1 
9 . 7 3 8 5 E - 0 3 
0 . 0 
9 . 7 3 8 5 E . - 0 3 
8 . 0 9 9 1 E - 0 2 
8 . 0 9 9 1 E - 0 2 
8 . 0 9 9 1 E - 0 2 
8 . 0 9 9 1 E - 0 2 

5 . 7 2 8 9 E - 0 3 
9 . 6 2 0 0 E - 0 5 
5 . 0 2 4 6 E - 0 8 
3 . 8 0 3 5 E - 0 3 
5 . 0 2 4 6 E - 0 8 
1 . 1 0 0 0 E - 0 4 
0 . 0 
1 . 1 0 0 0 E - 0 4 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 . 3 6 2 8 E - 0 2 
4 . 1 8 3 6 E - 0 2 
3 . 5 8 5 6 E - 0 1 
9 . 6 9 0 0 E - 0 2 
3 . 5 8 5 6 E - 0 1 
4 . 7 8 3 9 E - 0 2 
0 . 0 
4 . 7 8 3 9 E - 0 2 
1 . 2 9 8 8 E - 0 1 
1 . 2 9 8 8 E - 0 1 
1 . 2 9 8 8 E - 0 1 
1 . 2 9 8 8 E - 0 1 

1 . 0 6 7 5 E - 0 2 
3 . 1 9 8 3 E - 0 4 
1 . 1 8 9 1 E - 0 7 
7 . 1 0 4 9 E - 0 3 
1 . 1 8 9 1 E - 0 7 
3 . 6 5 7 2 E - 0 4 
0 . 0 
3 . 6 5 7 2 E - 0 4 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

8 . 1 2 3 6 E - 0 3 
1 . 5 2 9 9 E - 0 3 
2 . 1 8 1 5 E - 0 1 
5 . 1 7 9 4 E - 0 2 
2 . 1 8 1 5 E - 0 1 
1 . 7 4 9 4 E - 0 3 
0 . 0 
1 . 7 4 9 4 E - 0 3 
5 . 1 3 1 4 E - 0 2 
5 . 1 3 1 4 E - 0 2 
5 . 1 3 1 4 E - 0 2 
5 . 1 3 1 4 E - 0 2 

1 . 8 8 0 4 E - 0 2 
1 . 1 0 1 0 E - 0 4 
3 . 0 5 5 8 E - 0 5 
1 . 2 4 6 4 E - 0 2 
3 . 0 5 5 8 E - 0 5 
1 . 2 5 9 0 E - 0 4 
0 . 0 
1 . 2 5 9 0 E - 0 4 
l o 3 9 8 9 E - 0 7 
1 . 3 9 8 9 E - 0 7 
1 . 3 9 8 9 E - 0 7 
1 . 3 9 8 9 E - 0 7 

1 . 3 4 7 4 E - 0 2 
2 . 7 0 4 9 E - 0 3 
3 . 5 3 6 9 E - 0 1 
8 . 4 2 0 5 E - 0 2 
3 . 5 3 6 9 E - 0 1 
3 . 0 9 3 0 E - 0 3 
0 . 0 
3 . 0 9 3 0 E - 0 3 
9 . 0 2 1 6 E - 0 2 
9 . 0 2 1 6 E - 0 2 
9 . 0 2 1 6 E - 0 2 
9 . 0 2 1 6 E - 0 2 

2 . 5 0 5 7 E - 0 2 
0 . 0 
1 . 1 2 5 6 E - 0 4 
1 . 6 6 0 6 E - 0 2 
1 . 1 2 5 6 E - 0 4 
0 . 0 
0 . 0 
0 . 0 
5 . 1 5 3 5 E - 0 7 
5 . 1 5 3 5 E - 0 7 
5 . 1 5 3 5 E - 0 7 
5 . 1 5 3 5 E - 0 7 

2 . 6 8 7 2 E - 0 2 
5 . 4 1 6 1 E - 0 3 
5 . 3 0 1 1 E - 0 1 
1 . 3 0 8 0 E - 0 1 
5 . 3 0 1 1 E - 0 1 
6 . 1 9 3 3 E - 0 3 
0 . 0 
6 . 1 9 3 3 E - 0 3 
1 . 4 9 0 0 E - 0 1 
1 . 4 9 0 0 E - 0 1 
1 . 4 9 0 0 E - 0 1 
1 . 4 9 0 0 E - 0 1 

3 . 7 7 5 3 E - 0 2 
1 . 3 1 7 0 E - 0 4 
2 . 3 4 9 3 E - 0 4 
2 . 5 0 5 1 E - 0 2 
2 . 3 4 9 3 E - 0 4 
1 . 5 0 6 0 E - 0 4 
0 . 0 
1 . 5 0 6 0 E - 0 4 
1 . 0 7 5 8 E - 0 6 
1 . 0 7 5 8 E - 0 6 
1 . 0 7 5 8 E - 0 6 
1 . 0 7 5 8 E - 0 6 

5 . 5 0 6 7 E - 0 2 
1 . 0 8 3 9 E - 0 2 
6 . 8 9 5 2 E - 0 1 
1 . 8 3 9 2 E - 0 1 
6 . 8 9 5 2 E - 0 1 
1 . 2 3 9 4 E - 0 2 
0 . 0 
1 . 2 3 9 4 E - 0 2 
2 . 0 3 5 7 E - 0 1 
2 . 0 3 5 7 E - 0 1 
2 . 0 3 5 7 E - 0 1 
2 . 0 3 5 7 E - 0 1 

9 . 4 5 3 3 E - 0 2 
5 . 2 7 2 6 E - 0 4 
3 . 3 2 9 2 E - 0 4 
6 . 2 6 9 7 E - 0 2 
3 . 3 2 9 2 E - 0 4 
6 . 0 2 9 2 E - 0 4 
0 . 0 
6 . 0 2 9 2 E - 0 4 
1 . 5 2 4 2 E - 0 6 
1 . 5 2 4 2 E - 0 6 
1 . 5 2 4 2 E - 0 6 
1 . 5 2 4 2 E - 0 6 

2 . 6 5 8 5 E - 0 2 
5 . 4 1 7 2 E - 0 3 
5 . 3 3 2 1 E - 0 1 
1 . 3 1 2 6 E - 0 1 
5 . 3 3 2 1 E - 0 1 
6 . 1 9 4 5 E - 0 3 
0 . 0 
6 . 1 9 4 5 E - 0 3 
1 . 4 9 0 2 E - 0 1 
1 . 4 9 0 2 E - 0 1 
1 . 4 9 0 2 E - 0 1 
1 . 4 9 0 2 E - 0 1 

6 . 5 5 2 2 E - 0 2 
5 . 2 7 2 6 E - 0 4 
4 . 8 9 5 4 E - 0 4 
4 . 3 5 3 2 E - 0 2 
4 . 8 9 5 4 E - 0 4 
6 . 0 2 9 2 E - 0 4 
0 . 0 
6 . 0 2 9 2 E - 0 4 
2 . 2 4 1 3 E - 0 6 
2 . 2 4 1 3 E - 0 6 
2 . 2 4 1 3 E - 0 6 
2 . 2 4 1 3 E - 0 6 

1 . 7 6 6 5 E - 0 2 
3 . 6 8 2 8 E - 0 3 
4 . 3 8 7 2 E - 0 1 
1 . 0 5 1 2 E - 0 1 
4 . 3 8 7 2 E - 0 1 
4 . 2 1 1 3 E - 0 3 
0 . 0 
4 . 2 1 1 3 E - 0 3 
1 . 1 4 7 3 E - 0 1 
1 . 1 4 7 3 E - 0 1 
1 . 1 4 7 3 E - 0 1 
1 . 1 4 7 3 E - 0 1 

7 . 6 8 8 4 E - 0 2 
8 . 7 8 4 8 E - 0 4 
9 . 3 3 0 8 E - 0 4 
5 . 1 1 9 0 E - 0 2 
9 . 3 3 0 8 E - 0 4 
1 . 0 0 4 5 E - 0 3 
0 . 0 
1 . 0 0 4 5 E - 0 3 
4 . 2 7 2 5 E - 0 6 
4 . 2 7 2 5 E - 0 6 
4 . 2 7 2 5 E - 0 6 
4 . 2 7 2 5 E - 0 6 



REGION. 
? 
", 4 
5 
6 
7 
8 
9 

10 
1 1 
12 

SOURCES 

REGION 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

9 7 6 4 7 E - 0 2 
2 8 7 4 E - 0 2 

„ 0 4 0 0 E - 0 2 
S . 2 4 2 8 E - 0 2 
7 . 0 4 0 0 E - 0 2 
2 . 6 1 5 6 E - 0 2 
0 . 0 
2 . 6 1 5 6 E - 0 2 
9 . 2 1 1 7 E - 0 2 
9 . 2 1 1 7 E - 0 2 
9 . 2 U 7 E - 0 2 
9 . 2 1 1 7 E - 0 2 

7 . 3 6 2 3 E - 0 2 
0 . 0 
0 . 0 
4 . 9 9 7 1 E - 0 1 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 . 0 3 5 2 E - 0 2 
8 . 6 1 2 7 E - 0 3 
1 . 5 0 0 1 E - 0 1 
4 . 6 3 4 3 E - 0 2 
1 . 5 0 0 1 E - 0 1 
9 . 8 4 8 5 E - 0 3 
0 . 0 
9 . 8 4 8 5 E - 0 3 
8 . 0 9 9 1 E - 0 2 
8 . 0 9 9 1 E - 0 2 
8 . 0 9 9 1 E - 0 2 
8 . 0 9 9 1 E - 0 2 

5 . 2 8 1 6 E - 0 2 
0 . 0 
0 . 0 
3 . 5 8 4 8 E - 0 1 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

3 . 4 3 0 3 E - 0 2 
4 . 2 1 5 6 E - 0 2 
3 . 5 8 5 6 E - 0 1 
1 . 0 4 0 1 E - 0 1 
3 . 5 8 5 6 E - 0 1 
4 . 8 2 0 5 E - 0 2 
0 . 0 
4 . 8 2 0 5 E - 0 2 
1 . 2 9 8 8 E - 0 1 
1 . 2 9 8 8 E - 0 1 
1 . 2 9 8 8 E - 0 1 
1 . 2 9 8 8 E - 0 1 

1 . 9 7 3 1 E - 0 3 
0 . 0 
0 . 0 
1 . 3 3 9 2 E - 0 2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 . 6 9 2 7 E - 0 2 
1 . 6 4 0 0 E - 0 3 
2 . 1 8 1 8 E - 0 1 
6 . 4 2 5 9 E - 0 2 
2 . 1 8 1 8 E - 0 1 
1 . 8 7 5 3 E - 0 3 
0 . 0 
1 . 8 7 5 3 F - 0 3 
5 . 1 3 1 4 E - 0 2 
5 . 1 3 1 4 E - 0 2 
5 . 1 3 1 4 E - 0 2 
5 . 1 3 1 4 E - 0 2 

3 . 8 5 3 1 E - 0 2 
2 . 7 0 4 9 E - 0 3 
3 . 5 3 8 0 E - 0 1 
1 . 0 0 8 1 E - 0 1 
3 . 5 3 8 0 E - 0 1 
3 . 0 9 3 0 E - 0 3 
0 . 0 
3 . 0 9 3 0 E - 0 3 
9 . 0 2 1 7 E - 0 2 
9 . 0 2 1 7 E - 0 2 
9 . 0 2 1 7 E - 0 2 
9 . 0 2 1 7 E - 0 2 

6 . 4 6 2 5 E - 0 2 
5 . 5 4 7 8 E - 0 3 
5 . 3 0 3 5 E - 0 1 
1 . 5 5 8 5 E - 0 1 
5 . 3 0 3 5 E - 0 1 
6 . 3 4 3 9 E - 0 3 
0 . 0 
6 . 3 4 3 9 E - 0 3 
1 . 4 9 0 0 E - 0 1 
1 . 4 9 0 0 E - 0 1 
1 . 4 9 0 0 E - 0 1 
1 . 4 9 0 0 E - 0 1 

1 . 4 9 6 0 E - 0 1 
1 . 1 3 6 6 E - 0 2 
6 . 8 9 8 5 E - 0 1 
2 . 4 6 6 2 E - 0 1 
6 . 8 9 B 5 E - 0 1 
1 . 2 9 9 7 E - 0 2 
0 . 0 
1 . 2 9 9 7 E - 0 2 
2 . 0 3 5 7 E - 0 1 
2 . 0 3 5 7 E - 0 1 
2 . 0 3 5 7 E - 0 1 
2 . 0 3 5 7 E - 0 1 

9 . 2 1 0 8 E - 0 2 
5 . 9 4 4 4 E - 0 3 
5 . 3 3 7 0 E - 0 1 
1 . 7 4 8 0 E - 0 1 
5 . 3 3 7 0 E - 0 1 
6 . 7 9 7 4 E - 0 Ì 
0 . 0 
6 . 7 9 7 4 E - 0 3 
1 . 4 9 0 3 E - 0 1 
1 . 4 9 0 3 E - 0 1 
1 . 4 9 0 3 E - 0 1 
1 . 4 9 0 3 E - 0 1 

9 . 4 5 4 9 E - 0 2 
4 . 5 6 1 3 E - 0 3 
4 . 3 9 6 6 E - 0 1 
1 . 5 6 3 1 E - 0 1 
4 . 3 9 6 6 E - 0 1 
5 . 2 1 5 8 E - 0 3 
0 . 0 
5 . 2 1 5 8 E - 0 3 
1 . 1 4 7 3 E - 0 1 
1 . 1 4 7 3 E - 0 1 
1 . 1 4 7 3 E - 0 1 
1 . 1 4 7 3 E - 0 1 

FLUXES 
REGION 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 

6.1366E-02 
5 .6361E-02 
5 .5338E-02 
4 .9318E-02 
3 .1084E-02 
2 .6108E-02 
0 . 0 
2 .2383E-02 
1.7031E-02 
1 .0488E-02 
7 . Ì 4 1 0 E - 0 3 
6 .3127E-03 

9 .8222E-02 
8 .9880E-02 
8 .6843E-02 
7 .6451E-02 
5 .1904E-02 
4 .6128E-02 
0 . 0 
4 .2503E-02 
3 .4940E-02 
2 .3735E-02 
1 .6973E-02 
1.4529E-02 

2 .3791E-02 
2 .3290E-02 
2 .3106E-02 
2 .0969E-02 
1 .7772E-02 
1.6829E-02 
0 . 0 
1.6429E-02 
1.5799E-02 
1 .3253E-02 
1.0956E-02 
9 .9377E-03 

3 .8016E-02 
3 .8935E-02 
3 .8981E-02 
3 .7869E-02 
3 .7258E-02 
3 .7396E-02 
0 . 0 
3 .7485E-02 
3 .6726E-02 
3 .4863E-02 
3 .2815E-02 
3 .1765E-02 

1.8423E-02 
1 .8819E-02 
1.8927E-02 
1.8934E-02 
1 .9416E-02 
1 .9446E-02 
0 . 0 
1.9477E-02 
1.9438E-02 
1 .9169E-02 
1 .8754E-02 
1 .8511E-02 

8 .3570E-03 
8 .5993E-03 
8 .6735E-03 
8 .7976E-03 
9 .2640E-03 
9 .3348E-03 
0 . 0 
9 .3637E-03 
9 .4102E-03 
9 .4232E-03 
9 .3581E-03 
9 .3065E-03 

3 .4355E-03 
3 .6822E-03 
3 .7556E-03 
3 .8819E-03 
4 .3820E-03 
4 .4690E-03 
0 . 0 
4 .5011E-03 
4 .5704E-03 
4 .6425E-03 
4 . 6 5 2 9 E - 0 3 
4 .6445E-03 

6 .9264E-03 
7 .2572E-03 
7 .3680E-03 
7 .6825E-03 
8 .5510E-03 
8 .7312E-03 
0 . 0 
8 .7989E-03 
8 .9546E-03 
9 .1551E-03 
9 .2365E-03 
9 .2503E-03 

9 .3333E-03 
9 .8137E-03 
9 .9833E-03 
1 .0574E-02 
L.2066E-02 
1 .2429E-02 
0 . 0 
1.2568E-02 
1.2892E-02 
1 .3354E-02 
1 .3608E-02 
1 .3689E-02 

TRANSFER KERNEL 

REGION 1 
GROUP 1 1.2584E-01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 



2 
3 
4 
5 
6 
7 
8 
9 

10 

9 .6178E-02 
3 .6364E-03 
3 .0825E-04 
3 .0752E-07 
4 .0483E-09 
5 .9466E-11 
5 .7946E-11 
6 .8959E-12 
0 .0 

3 . 2 1 7 1 E - 0 1 
1.4602E-02 
4 . 0 1 1 3 E - 0 5 
5 .7014E-07 
4 .0366E-08 
4 .0268E-10 
0 . 0 
0 .0 
0 . 0 

0 . 0 
4 .6458E-01 
2 .3609E-02 
1.6346E-05 
1 .3935E-06 
5 .4883E-10 
8 .6887E-09 
6 .8140E-09 
2 .8285Ë-10 

0 . 0 
0 . 0 
* . 8 6 3 9 E - 0 1 
8 .1236E-03 
3 .5598E-10 
2 .4674E-11 
9 . 9 6 9 7 E - 1 1 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 .0 
4 .8226E-01 
1 .3474E-02 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 .0 
0 .0 
0 . 0 
0 .0 
<t .6924E-0l 
2 .6872E-02 
0 .0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
4 .4133E-01 
5 . 5 0 6 7 E - 0 2 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
4 . 6 9 4 7 E - 0 1 
2 . 6 5 8 5 E - 0 2 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
4 . 7 8 3 4 E - 0 1 
1 . 7 6 6 5 E - 0 2 

REGION 2 

GROUP I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

8 . 2 0 9 6 E - Ü 2 
2 . 1 5 2 9 E - 0 2 
6 . 6 9 6 3 E - 0 4 
2 . 4 9 4 9 E - 0 4 
2 . 5 0 0 6 E - 0 6 
1 . 0 0 8 2 E - 0 7 
1 . 1 2 8 4 E - 0 8 
7 . 2 5 ö 8 E - 0 9 
3 . 2 8 0 9 E - 0 9 
8 . 6 4 5 1 E - 1 1 

0 . 0 
1 . 8 0 5 3 E - 0 1 
8 . 3 3 5 6 E - 0 3 
1 . 7 7 0 4 E - 0 4 
3 . 3 3 9 7 E - 0 6 
1 . 0 3 0 7 E - 0 7 
2 . 0 4 1 6 E - 0 8 
1 . 9 8 9 3 E - 0 8 
7 . 9 8 9 2 E - 0 9 
6.5524E-10 

0 . 0 
0 . 0 
2 .6456E-01 
4 .1836E-02 
0 . 0 
0 . 0 
0 .0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
7 .4382E-02 
1 .5299E-03 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
7 .0322E-02 
2 .7049E-03 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 .0 
0 . 0 
0 . 0 
0 .0 
0 .0 
6 .7612E-02 
5 .4161E-03 
0 . 0 
0 .0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
6 .2186E-02 
1 .0839E-02 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
6 .7612E-02 
5 .4172E-03 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
7 .0095E-02 
3 .6828E-03 

REGION 

GROUP 1 
2 
3 
<t 

5 
6 
7 
8 
9 

10 

6 .3340E-02 
6 .5541E-02 
3 .4327E-03 
1.3352E-03 
3.585ÛE-05 
3 .5456E-06 
8 .1179E-07 
7 .9101E-07 
3 .5761E-07 
1 .0271E-07 

0 . 0 
1 .3902E-01 
1 . U 1 7 E - 0 1 
3 .7674E-02 
1.0143E-03 
1.0036E-04 
2 .2980E-05 
2 .2392E-05 
1 .0124E-05 
2 .9077E-06 

0 . 0 
0 . 0 
1 .1294E-01 
3 .4856E-01 
8 .6496E-03 
8 .5581E-04 
1.9597E-04 
1.9096E-04 
8 .6334E-05 
2 .4797E-05 

0 . 0 
0 . 0 
0 . 0 
2 . 6 5 5 7 E - 0 1 
1 .8999E-01 
1 .7800E-02 
4 .0759E-03 
3 .9717E-03 
1 .7957E-03 
5 .1576E-04 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 .2342E-01 
2 .3013E-01 
4 .8618E-02 
4 .7374E-02 
2 .1418E-02 
6 .1515E-03 

0 . 0 
0 .0 
0 .0 
0 . 0 
0 .0 

-5 .2438E-02 
2 . 3 0 2 2 E - 0 1 
1 .8957E-01 
8 .5708E-02 
2 .4617E-02 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
-2.1060E-01 
4.6211E-01 
1.7665E-01 
5.0738E-02 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

- 5 . 4 3 4 8 E - 0 2 
4 . 2 2 1 9 E - 0 1 
1 . 1 1 0 1 E - 0 1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
4 . 6 8 1 8 E - 0 2 
4 . 3 8 7 2 E - 0 1 

REGION 4 

GROUP 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 . 0 7 0 7 E - 0 1 
8 . 0 2 5 6 E - 0 2 
3 . 2 1 8 5 E - 0 3 
5 . 1 8 4 3 E - 0 4 
8 . 1 1 5 9 Ê - 0 6 
7 . 6 6 7 2 E - 0 7 
1 . 7 3 4 8 E - 0 7 
1 . 6 8 5 7 E - 0 7 
7 . 6 1 9 6 E - 0 8 
2 . 1 7 7 4 E - 0 8 

0 . 0 
2 . 6 5 1 6 E - 0 1 
3 . 4 2 7 2 E - 0 2 
8.0320E-03 
2 .1573E-04 
2 .1305E-05 
4 .8724E-06 
4 .7474E-06 
2 .1463E- 06 
6 .1623E-07 

0 . 0 
0 . 0 
3 .6480E-01 
9.4768E-O2 
1.8437Ξ-03 
1.8227E-04 
4 .1526E-05 
4 .0469E-05 
1.8299E-05 
5 .2546E-06 

0 . 0 
0 . 0 
0 . 0 
3 . 8 7 5 5 E - 0 1 
4 .5828E-02 
3 .7718E-03 
8 .6368E-04 
8 .4159E-04 
3 .8051E-04 
1 .0929E-04 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
3 .5419E-01 
5 .8022E-02 
1 .0302E-02 
1.0039E-02 
4 .5385E-03 
1.3035E-03 

0 .0 
0 . 0 
0 . 0 
0 .0 
0 .0 
3 .0797E-01 
6 .7251E-02 
4 .0169E-02 
1 .8161E-02 
5 .2162E-03 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
2 .5530E-01 
1 .3573E-01 
3 .7433E-02 
1 .0751E-02 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
3 .0771E -01 
1 .0774E-01 
2 .3524E-02 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
3 .3534E-01 
1.0512E-01 

REGION 5 

GROUP 1 6 . 3 3 4 0 E - 0 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 



2 
3 
't 

5 
6 
7 
8 
9 

10 

6 .5541E-02 
3 .4327E-03 
1.3352E-03 
3 .5850E-05 
3 .5456E-06 
8 .1179E-07 
7 .9101E-07 
3 .5761E-07 
1 .0271É-07 

1 . 3 9 0 2 E - 0 1 
1 . I 1 1 7 E - 0 1 
3 .7674E-02 
1.0143E-03 
1.0036E-04 
2 .2980E-05 
2 .2392E-05 
1 .0124E-05 
2 .9077E-06 

o.o 
1 . 1294E-01 
3 .4856E-01 
8 .6<t96t -03 
8 .5581E-04 
1.9597E-04 
1.9096Ε-04 
8 .6334E-05 
2 .4797E-05 

o.o 
0 .0 
2 .6557E-01 
1 .8999E-01 
1.7800E-02 
4 .0759E-03 
3 .9717E-03 
1.7957E-03 
5 .1575E-04 

o. o 
0.0 
0 .0 
1 .2341E-01 
2 .3013E-01 
4 .3618E-02 
4 .7374E-02 
2 .1418E-02 
6 .1515E-03 

0 . 0 
0 . 0 
0.0 
0 .0 

-5 .2438E-02 
2 . 3 0 2 2 E - 0 1 
1 .8957E-01 
8 .5708E-02 
2 .4617E-02 

o .o 
0 . 0 
0 . 0 
0 .0 
0 . 0 . 

- 2 . 1 0 6 0 E - 0 1 
4 . 6 2 1 1 E - 0 1 
1 .7665E-01 
5 .0738E-02 

o.o 
0 .0 
0 .0 
0 . 0 
0 . 0 
0 . 0 

- 5 . 4 3 4 8 E - 0 2 
4 . 2 2 1 9 E - 0 1 
1 .1101E-01 

o.o 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
4 . 6 8 1 8 E - 0 2 
4 . 3 8 7 2 E - 0 1 

REGION 6 

GROUP l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

9 . 3 8 7 6 E - 0 2 
2 . 4 6 1 9 E - 0 2 
7 . 6 5 7 2 E - 0 4 
2 . 8 5 2 9 E - 0 4 
2 . 8 5 9 4 E - 0 6 
1 . 1 5 2 9 E - 0 7 
1 . 2 9 0 3 E - 0 8 
8 . 2 9 8 1 E - 0 9 
3 . 7 5 1 7 E - 0 9 
9 . 8 8 5 6 E - 1 1 

0 . 0 
2 . σ 6 4 3 Ε - 0 1 
9 . 5 3 1 7 E - 0 3 
2 . 0 2 4 5 E - 0 4 
3 . 8 1 9 0 E - 0 6 
1 . 1 7 8 5 E - 0 7 
2 . 3 3 4 5 E - 0 8 
2 . 2 7 4 8 E - 0 8 
9 . 1 3 5 6 E - 0 9 
7 . 4 9 2 6 E - 1 0 

0 . 0 
0 . 0 
3 . 0 2 5 2 E - 0 1 
4 . 7 8 3 9 E - 0 2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
3 . 5 0 5 5 E - 0 2 
1 . 7 4 9 4 E - 0 3 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
8 . 0 4 1 3 E - 0 2 
3 . 0 9 3 0 E - 0 3 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
7 . 7 3 1 4 E - 0 2 
6 . 1 9 3 3 E - 0 3 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
OiO 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
7 . 1 1 0 9 E - 0 2 
1 . 2 3 9 4 E - 0 2 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
7 . 7 3 1 4 E - 0 2 
6 . 1 9 4 5 E - 0 3 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
8 . 0 1 5 3 E - 0 2 
4 . 2 1 1 3 E - 0 3 

REGION 

GROUP 1 
2 
3 
4 
5 
6 
7 
8 
9 

iO 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

REGION 8 

GROUP 1 
2 
3 
4 
5 
6 
7 
8 

LÓ 

9.3876E-02 
2 .4619E-02 
7 .6572E-04 
2 .8529E-04 
2 .8594E-06 
1.1529E-07 
1.2903E-08 
8 .2981E-09 
3 .7517E-09 
9 .8856E-11 

0 . 0 
2 . 0 6 4 3 E - 0 1 
9 .5317E-03 
2 .0245E-04 
3 .8190E-06 
1.1785E-07 
2 .3345E-08 
2 .2748E-08 
9 .1356E-09 
7 .4926E-10 

0 . 0 
0 . 0 
3 .0252E-01 
4 .7839E-02 
0 . 0 
0 . 0 
0 .0 
0 . 0 
0 . 0 
0 . 0 

0 .0 
0 .0 
0 .0 
8 .5055E-02 
1.7494E-03 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

0 .0 
0 . 0 
0 .0 
0 . 0 
8 .0413E-02 
3 .0930E-03 
0 .0 
0 .0 
0 .0 
0 .0 

0 .0 
0 .0 
0 .0 
0 . 0 
0 .0 
7 .7314E-02 
6 .1933E-03 
0 .0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
7 .1109E-02 
1 .2394E-02 
0 . 0 
0 . 0 

0 .0 
0 . 0 
0 . 0 
o.o 
0 . 0 
0 . 0 
0 . 0 
7 . 7 3 1 4 E - 0 2 
6 . 1 9 4 5 E - 0 3 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
6 . 0 1 5 3 E - 0 2 
4 . 2 1 1 3 E - 0 3 

REGION 9 

GROUP 1 4 . 6 2 6 3 E - 0 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 



REGION 

GROUP 

REGION 

GROUP 

REGION 

GROUP 

2 
3 
4 
5 
6 
7 
8 
9 

10 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

9 . 1 9 3 3 E - 0 2 
3 . 3 4 3 4 E - 0 5 
9 . 4 2 2 0 E - 0 6 
1 . 8 4 5 7 E - 0 7 
1 . 7 2 0 1 E - 0 8 
3 . 8 8 1 8 E - 0 9 
3 . 7 4 9 9 E - 0 9 
1 . 6 8 0 3 E - 0 9 
¿►.7937E-10 

4 . 6 2 6 3 E - 0 2 
9 . 1 9 3 3 E - 0 2 
3 . 3 4 3 4 E - 0 5 
9 . 4 2 2 0 E - 0 6 
1 . 8 4 5 7 E - 0 7 
1 . 7 2 0 1 E - 0 8 
3 . 8 8 1 8 E - 0 9 
3 . 7 4 9 9 E - 0 9 
1 . 6 8 0 3 E - 0 9 
4 . 7 9 3 7 E - 1 0 

4 . 6 2 6 3 E - 0 2 
9 . 1 9 3 3 E - 0 2 
3 . 3 4 3 4 E - 0 5 
9 . 4 2 2 0 E - 0 6 
1 . 8 4 5 7 E - 0 7 
1 . 7 2 0 1 E - 0 8 
3 . 8 8 1 8 E - 0 9 
3 . 7 4 9 9 E - 0 9 
1 . 6 8 0 3 E - 0 9 
4 . 7 9 3 7 E - 1 0 

4 . 6 2 6 3 E - 0 2 
9 . 1 9 3 3 E - 0 2 
3 . 3 4 3 4 E - 0 5 
9 . 4 2 2 Û E - 0 6 
1 . 8 4 5 7 E - 0 7 
1 . 7 2 0 1 E - 0 8 
3 . 8 8 1 8 E - 0 9 
3 . 7 4 9 9 E - 0 9 
1 . 6 8 0 3 E - 0 9 
4 . 7 9 3 7 E - 1 0 

2 . L 1 2 9 E - 0 1 
7 . 3 0 0 6 E - 0 2 
7 . 9 7 8 6 E - 0 3 
< t . 7 1 0 2 E - 0 6 
4 . 6 6 0 2 E - 0 7 
1 . 0 6 7 1 E - 0 7 
1 . 0 3 9 8 E - 0 7 
4 . 7 0 1 2 E - 0 8 
1 . 3 5 0 3 E - 0 8 

0 . 0 
2 . H 2 9 E - 0 1 
7 . 3 0 0 6 E - 0 2 
7 . 9 7 8 6 E - 0 3 
4 . 7 1 0 2 E - 0 6 
4 . 6 6 0 2 E - 0 7 
1 . 0 6 7 1 E - 0 7 
1 . 0 3 9 8 E - 0 7 
4 . 7 0 1 2 E - 0 8 
1 . 3 5 0 3 E - 0 8 

0 . 0 
2 . 1 1 2 9 E - 0 1 
7 . 3 0 0 6 E - 0 2 
7 . 9 7 8 6 E - 0 3 
4 . 7 1 0 2 E - 0 6 
< t . 6 6 0 2 E - 0 7 
1 . 0 6 7 1 E - 0 7 
1 . 0 3 9 8 E - 0 7 
4 . 7 0 1 2 E - 0 8 
1 . 3 5 0 3 E - 0 8 

0 . 0 
2 . 1 1 2 9 E - 0 1 
7 . 3 0 0 6 E - 0 2 
7 . 9 7 8 6 E - 0 3 
4 . 7 1 0 2 E - 0 6 
4 . 6 6 0 2 E - 0 7 
1 . 0 6 7 1 E - 0 7 
1 . 0 3 9 8 E - 0 7 
4 . 7 0 1 2 E - 0 8 
1 . 3 5 0 3 E - 0 8 

0 . 0 
1 . 3 4 1 5 E - 0 1 
1 . 2 9 8 4 E - 0 1 
4 . 0 1 6 6 E - 0 5 
3 . 9 7 4 1 E - 0 6 
9 . 1 0 0 1 E - 0 7 
8 . 8 6 7 4 E - 0 7 
4 . 0 0 9 1 E - 0 7 
1 . 1 5 1 5 E - 0 7 

0 . 0 
0 . 0 
1 . 3 4 1 5 E - 0 1 
1 . 2 9 8 4 E - 0 1 
4 . 0 1 6 6 E - 0 5 
3 . 9 7 4 1 E - 0 6 
9 . 1 0 0 1 E - 0 7 
8 . 8 6 7 4 E - 0 7 
4 . 0 0 9 1 E - 0 7 
1 . 1 5 1 5 E - 0 7 

0 . 0 
0 . 0 
1 . 3 4 1 5 E - 0 1 
1 . 2 9 8 4 E - 0 1 
4 . 0 1 6 6 E - 0 5 
3 . 9 7 4 1 E - 0 6 
9 . 1 0 0 1 E - 0 7 
8 . 8 6 7 4 E - 0 . 7 
4 . 0 0 9 1 E - 0 7 
1 . 1 5 1 5 E - 0 7 

0 . 0 
0 . 0 
1 . 3 4 1 5 E - 0 1 
1 . 2 9 8 4 E - 0 1 
4 . 0 1 6 6 E - 0 5 
3 . 9 7 4 1 E - 0 6 
9 . 1 0 0 1 E - 0 7 
8 . 8 6 7 4 E - 0 7 
4 . 0 0 9 1 E - 0 7 
1 . 1 5 1 5 E - 0 7 

0 . 0 
0 . 0 
2 . 1 4 6 3 E - 0 1 
5 . 1 0 1 3 E - 0 2 
2 . 4 8 0 6 E - 0 4 
1 . 8 9 2 7 E - 0 5 
1 . 8 4 4 3 E - 0 5 
8 . 3 3 8 7 E - 0 6 
2 . 3 9 5 0 E - 0 6 

0 . 0 
0 . 0 
0 . 0 
2 . 1 4 6 3 E - 0 1 
5 . 1 0 1 8 E - 0 2 
2 . 4 8 0 6 E - 0 4 
1 . 8 9 2 7 E - 0 5 
1 . 8 4 4 3 E - 0 5 
8 . 3 3 8 7 E - 0 6 
2 . 3 9 5 0 E - 0 6 

0 . 0 
0 . 0 
0 . 0 
2 . 1 4 6 3 E - 0 1 
5 . 1 0 1 8 E - 0 2 
2 . 4 8 0 6 E - 0 4 
1 . 8 9 2 7 E - 0 5 
1 . 8 4 4 3 E - 0 5 
8 . 3 3 8 7 E - 0 6 
2 . 3 9 5 0 E - 0 6 

0 . 0 
0 . 0 
0 . 0 
2 . 1 4 6 3 E - 0 1 
5 . 1 0 1 8 E - 0 2 
2 . 4 8 0 6 E - 0 4 
1 . 8 9 2 7 E - 0 5 
1 . 8 4 4 3 E - 0 5 
8 . 3 3 8 7 E - 0 6 
2 . 3 9 5 0 E - 0 6 

0 . 0 
0 . 0 
0 . 0 
1 . 7 9 0 1 E - 0 1 
7 . 3 9 9 1 E - 0 2 
1 . 1 5 0 9 E - 0 2 
4 . 5 8 9 6 E - 0 3 
9 . 9 4 6 0 E - 0 5 
2 . 8 5 6 6 E - 0 5 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 7 9 0 1 E - 0 1 
7 . 3 9 9 1 E - 0 2 
1 . 1 5 0 9 E - 0 2 
< t . 5 8 9 6 E - 0 3 
9 . 9 4 6 0 E - 0 5 
2 . 8 5 6 6 E - 0 5 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 7 9 0 1 E - 0 1 
7 . 3 9 9 1 E - 0 2 
1 . 1 5 0 9 E - 0 2 
4 . 5 8 9 6 E - 0 3 
9 . 9 4 6 0 E - 0 5 
2 . 8 5 6 6 E - 0 5 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 7 9 0 1 E - 0 1 
7 . 3 9 9 1 E - 0 2 
1 . 1 5 0 9 E - 0 2 
4 . 5 8 9 6 E - 0 3 
9 . 9 4 6 0 E - 0 5 
2 . 8 5 6 6 E - 0 5 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 2 0 1 3 E - 0 1 
7 . 8 6 3 5 E - 0 2 
6 . 1 1 0 4 E - 0 2 
9 . 1 « t 7 5 E - 0 3 
1 . 1 4 3 1 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 2 0 1 3 E - 0 1 
7 . 8 6 3 5 E - 0 2 
6 . 1 1 0 4 E - 0 2 
9 . 1 4 7 5 E - 0 3 
1 . 1 4 3 1 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 2 0 1 3 E - 0 1 
7 . 8 6 3 5 E - 0 2 
6 . 1 1 0 4 E - 0 2 
9 . 1 4 7 5 E - 0 3 
1 . 1 4 3 1 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 2 0 1 3 E - 0 1 
7 . 8 6 3 5 E - 0 2 
6 . 1 1 0 4 E - 0 2 
9 . 1 4 7 5 E - 0 3 
1 . 1 4 3 1 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
6 . 5 5 6 9 E - 0 2 
1 . 5 7 3 1 E - 0 1 
4 . 6 0 1 6 E - 0 2 
2 . 3 5 6 1 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
6 . 5 5 6 9 E - 0 2 
1 . 5 7 3 1 E - 0 1 
4 . 6 0 1 6 E - 0 2 
2 . 3 5 6 1 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
6 . 5 5 6 9 E - 0 2 
1 . 5 7 3 1 E - 0 1 
4 . 6 0 1 6 E - 0 2 
2 . 3 5 6 1 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
6 . 5 5 6 9 E - 0 2 
1 . 5 7 3 1 E - 0 1 
4 . 6 0 1 6 E - 0 2 
2 . 3 5 6 1 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 2 0 1 2 E -
1 . 3 9 7 6 E -
9 . 2 6 6 3 E -

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 2 0 1 2 E -
1 . 3 9 7 6 E -
9 . 2 6 6 3 E -

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 2 0 1 2 E -
1 . 3 9 7 6 E -
9 . 2 6 6 3 E -

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 2 0 1 2 E -
1 . 3 9 7 6 E -
9 . 2 6 6 3 E -

-01 
-O l 
-03 

-Ol 
- O l 
-03 

-O l 
- O l 
-03 

- O l 
- O l 
- 0 3 

0 . 0 
0 . 0 
o.o 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 5 4 4 3 E -
1 . 1 4 7 3 E -

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 5 4 4 3 E -

-01 
-Ol 

-Di 
1 . 1 4 7 3 E - 0 1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 5 4 4 3 E -
1 . 1 4 7 3 E -

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 5443 Ε­
Ι . 1473 E-

- O l 
- O l 

-0 
-0 



GROUP 
1 2 3 4 5 6 7 8 9 

RES.ESC.PRUB. MOO.D I F.COFF. D I FF.COEFF. 
1.0000t 00 
l.OOOOE 00 
9 .9226E-01 
9 .7586E-01 
9 .8361E-01 
9 .8833E-01 
9 .8709E-01 
9 .8193E-01 
9 .7013E-01 

2.4088E 1.1405E 1.2625E 1.2534E 1.2381E 1.2386E 
1.2385E 1.2385E 00 1.2384E 00 

00 00 00 00 00 00 00 

2.3120E 00 .1343E 00 •1435E 00 .1880E 00 .1805E 00 •1817E 00 •1794E 00 .1826E 00 .1829É 00 

TOTAL RESONANCE ESCAPE PROBABILITY = 8.8517E-01 

EPITHERMAL MULTIPLICATION FACTOR = 8.8766E-02 

FAST MULTIPLICATION FACTOR = 1.0430E 00 



4) FAST PARAMETERS 

FAST MULTIPLICATION FACTOR CALCULATION (RABBIT) 

SOURCE FACTOR = 1.6387E 00 

"1U-FISS. TRANSP. I TO I I TO 1+1 I TO H-2 OUT SC. ABSORPT. 

REMOVAL 

REG.l (FUEL) 
GR.l GR.2 4.9377E-02 1.2963E-03 1.9434E-01 3.4153E-01 9.7532E-02 3.2118E-01 7.5869E-02 1.4623E-02 3.1863E-03 0.0 7.9051E-02 1.4623E-02 1.8597E-02 5.7289E-03 

MACROSCOPIC CROSS SECTIONS 
REG.2 

(DILUENT) 

0 . 0 
GR. l 

0 . 0 
GR.2 

1.2738E-01 2 .6694E-01 
6 .7489E-02 1 .4820E-01 
5 .5806E-02 1 .1871E-01 
3.9<t94E-03 0 .0 
5 .9754E-02 1 .1871E-01 
I . 3275E-04 2 .1319E-05 

9 .764 7E-02 2 .0351E-02 5 .9887E-02 1 .1873E-01 

REG.3 
(MODERATOR) 

0 . 0 
GR. l 

0 . 0 
GR.2 

1 .3535E-01 2 .8508E-01 
4 .6429E-02 2 .0718E-01 
8 .8715E-02 7 .7894E-02 
6 .4398E-05 0 .0 
8 .8335E-02 7 .7895E-02 
5 .9065E-04 2.<t099E-06 

(TUBES) 
1.4022E-02 5.2798E-03 

REG.4 (CANNING) 
GR.l 0.0 1.0497E-01 

GR.2 0.0 1.8914E-01 8.2096E-02 1.8053E-01 2.1529E-02 8.5161E-03 9.2175E-04 0.0 2.2-V51E-02 8.5165E-03 4.2293E-04 9.6200E-05 
(MODERATOR) 

9.2117E-02 8 .0991E-02 

REG.5 (COOLANT) 

0.0 GR.l 0.0 GR.2 1.3374E-01 2.8903E-01 6.3340E-02 1.3902E-01 6.5541E-02 1.5001E-01 4.8094E-03 0.0 7.0350E-02 1.5001E-01 5.0327E-05 5.0246E-08 

GROUP 1 3R0UP 2 

GROUP 1 GROUP 2 

l.OOOOE 00 1.6387E 00 

PFF 
4.0262E-01 '3.9636E-01 5.2064E-01 5.1297E-01 

PCC 
5.1083E-01 5.0289E-01 6.8084E-01 6.7080E-01 

VALUES OF THE SOURCE FORM FACTOR 
l.OOOOE 00 1.6387E 00 l.OOOOE 00 1.6387E 00 
COLLISION PROBABILITIES IN A CLUSTER 

PFD PDF 
1.0821E-01 
1.602QE-01 

1.0653E-01 
1 .5783E-01 

1.9133E-01 2.3753E-01 1.8836E-01 2.3403E-01 

l.OOOOE 00 1.6387E 00 

PDD 
3.1949E-01 3.1453E-01 4.4331E-01 4.3677E-01 

PMM 
8.9264E-01 9.4864E-01 

GROUP 1 GROUP 2 

GC 
7.2703E-01 7.3883E-01 8.9158E-01 9.1962E-01 

COLLISION PROBABILITIES FOR INCIDENT NEUTRONS 
GM 

9.9059E-01 9.9801E-01 

GROUP I 
PICC 

5.1418E-01 5.0635E-01 

COLLISION PROBABILITIES IN A LATTICE 
PICM PIMC 

4.8582E-01 4.9365E-01 7.8254E-02 
PIMM 

9.2175E-01 



GROUP 2 6.8140E-01 6.7140E-01 3.1860E-01 3.2860E-01 4.5798E-02 9.5420E-01 



ANALYTICAL CALCULATION FAST MULTIPLICATION FACTOR 

CLUSTER-TO-MODERATOR SOURCE RATIO AT 0.1 MEV = 2.0029E 00 

COLLISION DENSIT'ES 
C F C D C M 

GROUP 1 3.4076E-01 1.1050E-01 6.1357E-01 
GROUP 2 8.4666E-01 3.8288E-01 2.9682E 00 

FAST MULTIPLICATION FACTOR = 1.0436E 00 

FAST FISSION RATIO = 7.4929E-02 



5) CRITICALITY 

THERMAL UTILISATION FACTOR ?'!Í?|£ÍÍtÍ~nn 
THFRMAL FISSION FACTOR 1.3074083E 00 THERMAL MULT PLICATION FACTOR 1.165848JJ 00 RESONANCE ESCAPE PROBABILITY 8.8516855E-01 FAST FISSION FACTOR 1.0436144E 00 

INFINITE MULTIPLICATION FACTOR 1.0876179E 00 (4-FACTOR FORMULA) 

THERMAL DIFFUSION AREA 1.6695007E 02 

-J 



6) NEUTRON BALANCE 

A) FAST RANGE (RABBIT) 

I) DETAILED 
GROUP l 

REGION 

GROUP 2 

REGION 

1 2 3 

1 2 3 
II) GROUP-
GROUP 

1 2 

REACTION RATES 

FLUX 
5.0222E-02 2.8797E-02 9.3040E-03 

FLUX 
7.1006E-02 4.7613E-02 2.1371E-02 

SOURCE IJ 
5.7333E-01 0.0 0.0 

SOURCE IJ 
5.7994E-01 4.8414E-02 4.0215E-01 

-AVERAGED REACTIONS RATES 
FLUX 

1.2954E-02 
2.5940E-02 

SOURCE IJ 
5.7517E-01 
1.0305E 00 

SOURCE 
5.0139E-0.0 9.0109E-

SOURCE 
1.3218E-0.0 0.0 

SOURCE 
5.1040E-
1.3218E-

II 
02 
-04 

II 
-03 

I I 
-02 -03 

ABSORPTION 
3.2608E-02 1.1516E-04 2.6774E-03 

ABSORPTION 
1.4202E-02 3.0579E-05 2.5092E-05 

ABSORPTION 
3.5400E-02 1.4253E-02 

SCATT.OUT 
1.3861E-01 5.1840E-02 4.0043E-01 

SCATT.OUT 
3.6250E-02 1.7027E-01 8.1105E-01 

SCATT.OUT 
5.9087E-01 1.0176E 00 

PROD. N2N 
1.4758E-03 0.0 2.0147E-03 

PROD. N2N 
0.0 0.0 0.0 

PROD. N2N 
3.4905E-03 0.0 

PROD.FISS. 
8.6578E-02 0.0 0.0 

PROD.FISS. 
3.2136E-03 0.0 0.0 

PROD.FISS. 
8.6578E-02 3.2136E-03 

FLUX*VOL. 
1.7534E 00 8.6754E-0L 4.5330E 00 

FLUX*VOL. 
2.4790E 00 1.4344E 00 1.0412E 01 

III) NEUTRON BALANCE FOR FAST RANGE 
PRODUCTION = 9.3282E-02 
ABSORPTION = 4.9658E-02 

IV) A3S0RPTI0N IN FERTILE AND FISSILE MATERIALS 
GROUP FERT.ABS. FISS.ABS. 

1 
2 

1.8695E-03 
1.2762E-02 

5.3940E-04 
9.2954E-04 



SJ FAST ANO EPITHÊRMAL RANGE (PETARD) 

I) DETAILED REACTION RATES 

GROUP 1 

REGION 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

GROUP 2 

REGION 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

GROUP 3 

REGION 1 

2 
3 
<t 

5 
6 
7 
β 

9 

FLUX 

6.1400E­02 
5.6392E­02 
5.5369E­02 
4.9345E­02 
3.1101E­02 
2.6123E­02 
0.0 
2.2395E­02 
1.7040E­02 
1.0494E­02 
7.1449E­03 
6.3162E­03 

FLUX 

9.8277E­02 
8.9930E­02 
8.6891E­02 
7.6493É­0? 
5.1933E­02 
4.6153E­02 
0.0 
4.2526E­02 
3.4960E­02 
2.3748E­02 
1.6982E­02 
1.4537E­02 

FLUX 

2.3804E­02 
2.3303E­02 
2.3119E­02 
2.Û930E­02 
1.7731E­02 
1.6338E­02 
0.0 
1.643dE­02 
1.5807E­02 

SOURCE IJ 

7.3663E­02 
0.0 
0.0 
4.9998E­01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

SOURCE IJ 

8.2293E­02 
1.1558E­03 
5.7954E­03 
5.3776E­01 
2.5037E­02 
3.7580E­03 
0.0 
2.6631E­03 
7.7174E­02 
1.0399E­01 
9.1530E­02 
9.9232E­02 

SOURCE I J 

1.0245E­02 
7.4958E­04 
1.5729E­02 
1.3913E­01 
7.2222E­02 
2.68 75E­03 
0.0 
2.0407E­03 
1.257ÒE­01 

SOURCE 

8.7569E­
0.0 
0.0 
4.2226E­
0.0 
0.0 
0.0 
0.0 
1.7398E­
2.3444E­
2.0634E­
2.2371E­

SOURCE 

2.6134E­
0.0 
0.0 
1.2205E­
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

SOURCE 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

II 

­03 

­02 

­0<t 

­04 
­0<t 

­0<t 

I I 

­04 

­03 

II 

ABSORPTION 

5.6950E­03 
2.2705E­05 
4.4500E­06 
2.7604E­02 
1.9225E­05 
7.3822E­05 
0.0 
5.2314E­05 
5.0767E­04 
6.8411E­04 
6.0211E­04 
6.5278E­04 

ABSORPTION 

2.8081F­03 
8.2359E­06 
6.9724E­09 
1.3156E­02 
3.2051E­08 
2.9667E­05 
0.0 
2.2596E­05 
0.0 
0.0 
0.0 
0.0 

ABSORPTION 

1.2674E­03 
7.0950E­06 
4.3902E­09 
6.7406E­03 
2.5970E­08 
3.5983E­05 
0.0 
2.9038E­05 
0.0 

SCATT.OUT 

2.4208E­02 
1.2053E­03 
6.2205E­03 
1.5632E­01 
2.6874E­02 
3.9188E­03 
0.0 
2.7771E­03 
7.6821E­02 
1.0352E­01 
9.1111E­02 
9.8778E­02 

SCATT.OUT 

7.1675E­03 
7.2911E­04 
2.0816E­02 
1.4714E­01 
9.5688E­02 
2.6264E­03 
0.0 
2.0004E­03 
1.3949E­01 
2.0734E­01 
1.9166E­01 
2.0121E­01 

SCATT.OUT 

2.8052E­03 
9.2809E­04 
1.3238E­02 
9.1931E­02 
7.8313E­02 
4.7069E­03 
0.0 
3.7984E­03 
1.0114E­01 

PROD. 

2.5774E 
0.0 
0.0 
1.2428E 
0.0 
0.0 
0.0 
0.0 
3.8899E 
5.2418E 
4.6135E 
5.0018E 

PROD. 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PROD. 1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

N2N 

­04 

­03 

­04 
­04 
­04 
­04 

N2N 

M2N 

PROD. ,FISS. 

1.5121E­
0.0 
0.0 
7.2913E­
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PROD. 

­02 

­02 

.FISS. 

6.3541E­
0.0 
0.0 
2.9674E­
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PROD. 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

­04 

­03 

.FISS. 

FLUX*VOL. 

3.0624E­01 
5.3685E­02 
8.8423E­02 
2.2314E 00 
3.8201E­01 
1.5265E­01 
0.0 
1.0817E­01 
8.3946E­01 
1.1312E 00 
9.9562E­01 
1.0794E 00 

FLUX*VOL. 

4.9016E­01 
8.5612E­02 
1.3876E­01 
3.4590E 00 
6.3788E­01 
2.6969E­01 
0.0 
2.0541E­01 
1.7222E 00 
2.5600E 00 
2.3664E 00 
2.4844E 00 

FLUX*VOL. 

1.1872E­01 
2.2184E­02 
3.6921E­02 
9.4872E­01 
2.1841E­01 
9.8391E­02 
0.0 
7.9400E­02 
7.7872E­01 



GROUP 

REGION 

GROUP 

REGION 

GROUP 

REGION 

GROUP 

IO 
11 12 

4 

1 
2 3 4 5 6 
7 8 9 IO 11 12 

5 

1 
2 3 4 5 
6 
7 8 9 IO 11 12 

6 

1 
2 3 4 5 6 
7 8 9 IO 

li 12 
7 

1.3260E-02 
1.0962E-02 9.9432E-03 

FLUX 
3.8037E-02 
3.8957E-02 3.9003E-02 3.7890E-02 3.7278E-02 3.7417E-02 
0.0 3.7506E-02 3.6747E-02 3.4882E-02 3.2834E-02 3.1783E-02 

FLUX 
1.8434E-02 
1.8830E-02 1.8937E-02 1.8945E-02 1.9427E-02 
1.9456E-02 
0.0 1.9488E-02 1.9448E-02 1.9180E-02 1.8765E-02 1.8522E-02 

FLUX 
8.3617E-03 
8.6040E-03 8.6783E-03 8.8025E-03 9.2692E-03 9.3399E-03 
0.0 9.3689E-03 9.4154E-03 9.4284E-03 
9.3633E-03 9.3116E-03 

FLUX 

1.8693E-01 
1.7279E-01 1.8141E-01 

SOURCE IJ 
2.9170E-03 
9.5665E-04 1.8215E-02 1.1885E-01 1.0067E-01 4.8051E-03 
0.0 3.8709E-03 1.1486E-01 2.0603E-01 
2.1722E-01 2.4046E-01 

SOURCE IJ 
1.5434E-03 
5.7158E-05 1.2297E-02 8.1033E-02 8.9542E-02 
3.8396E-04 
0.0 3.1802E-04 9.2394E-02 1.9191E-01 2.3349E-01 2.7718E-01 

SOURCE IJ 
1.2390E-03 
4.8501E-05 8.1142E-03 5.6417E-02 6.3316E-02 3.5170E-04 
0.0 2.9119E-04 7.1342E-02 . 1.5392E-01 
1.9461E-01 2.3556E-01 

SOURCE IJ 

0.0 
0.0 0.0 

SOURCE II 
0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

SOURCE II 
0.0 
0.0 0.0 0.0 0.0 
0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

SOURCE II 
0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 

SOURCE II 

0.0 
0.0 0.0 

ABSORPTION 
3.5672E-03 
4.0832E-06 1.9034E-06 2.1356E-02 1.3992E-05 2.7526E-05 
0.0 2.2808E-05 2.5324E-07 5.2602E-07 6.4003E-07 7.5982E-07 

ABSORPTION 
2.3037E-03 
0.0 3.4042E-06 1.4226E-02 2.6860E-05 
0.0 
0.0 0.0 4.9375E-07 1.0655E-06 1.3475E-06 1.6312E-06 

ABSORPTION 
1.5745E-03 
1.0788E-06 3.2559E-06 9.9712E-03 2.6747E-05 8.2193E-06 
0.0 6.8152E-06 4.9901E-07 1.0934E-06 
1.4037E-06 1.7120E-06 

ABSORPTION 

1.8566E-01 
1.9840E-01 2.2070E-01 

SCATT.OUT 
1.5411E-03 
5.6737E-05 1.3588E-02 8.8742E-02 9.9886E-02 3.8249E-04 
0.0 3.1693E-04 9.2891E-02 1.9295E-01 2.3477E-01 2.7871E-01 

SCATT.OUT 
1.2388E-03 
4.8487E-05 1.0697E-02 7.2136E-02 
8.4398E-02 3.5165E-04 
0.0 2.9115E-04 8.6435E-02 1.8652E-01 2.3590E-01 2.8556E-01 

SCATT.OUT 
1.1207E-03 
4.4363E-05 7.3469E-03 5.2063E-02 6.0354E-02 3.3801E-04 
0.0 2.8027E-04 6.9111E-02 1.5144E-01 
1.9440E-01 2.3710E-01 

StATT.OUT 

0.0 
0.0 0.0 

PROD. N2N 
0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

PROD. N2N 
0.0 0.0 0.0 0.0 
0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

PROD. N2N 
0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 

PROD. N2N 

0.0 0.0 0.0 

PROD.FISS. 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

PROO.FISS. 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 
0.0 

PROD.FISS. 
0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

PROD.FISS. 

1.4294E 00 1.5275E 00 1.6992E 00 

FLUX*VOL. 
1.8971E-01 3.7086E-02 6.2287E-02 1.7134E 00 
4.5788E-01 2.1864E-01 0.0 
1.8116E-01 1.8103E 00 3.7602E 00 4.5752E 00 
5.4315E 00 

FLUX*VOL. 
9.1939E-02 
1.7926E-02 3.0243E-02 8.5667E-01 2.3862E-01 1.1369E-01 0.0 
9.4132E-02 9.5809E-01 
2.0675E 00 2.6148E 00 3.1653E 00 

FLUX*VOL. 
4.1705E-02 8.1909E-03 
1.3859E-02 3.9804E-01 1.1385E-01 
5.4577E-02 0.0 
4.5254E-02 4.6383E-01 1.0164E 00 
1.3047E 00 1.5913E 00 

FLUX*VOL. 



REGION 1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 

GROUP 8 

REGION 1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
II 
12 

GROUP 9 

REGION ι 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 

II) GROUP-

GROUP 

1 
2 
3 

3.4374E-03 
3.6843E-03 
3.7576E-03 
3.8841E-03 
4.3845E-03 
4.4715E-03 
0.0 
4.5036E-03 
4.5729E-03 
4.6451E-03 
4.6555E-03 
4.6471E-03 

FLUX 

6.9303E-03 
7.2612E-03 
7.3721E-03 
7.6867E-03 
8.5557E-03 
8.7361E-03 
0.0 
8.8038E-03 
8.9595E-03 
9.1602E-03 
9.2416E-03 
9.2554E-03 

FLUX 

9.3385E-03 
9.8192E-03 
9.9883E-03 
1.0580E-02 
1.2073E-02 
1.2436E-02 
0.0 
1.2575E-02 
1.2899E-02 
1.3362E-02 
1.3615E-02 
1.3696E-02 

1.1207E-03 
4.4365E-05 
4.9254E-03 
3.7130E-02 
3.9736E-02 
3.3802E-04 
0.0 
2.8028E-04 
4.7536E-02 
1.0379E-01 
1.3278E-01 
1.6167E-01 

SOURCE IJ 

9.44UE-04 
3.8019E-05 
7.0906E-03 
4.9925E-02 
5.9648E-02 
3.2386E-04 
0.0 
2.6963E-04 
6.8212E-02 
1.5044E-01 
1.9386E-01 
2.3680E-01 

SOURCE IJ 

9.1893E-04 
3.7447E-05 
7.9826E-03 
5.5817E-02 
6.9597E-02 
3.1622E-04 
0.0 
2.6342E-04 
7.6406Ë-02 
1.7058E-01 
2.2206E-01 
2~7252E-01 

AVERAGED REACTIONS RATES 

FLUX 

1.3342E-02 
2.6U0E-02 
1.2599E-02 

SOURCE IJ 

5.7571E-01 
1.0304E 00 
9.0970E-01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

SOURCE II 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

SOURCE II 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

SOURCE II 

5.1821E-02 
1.4818E-03 
0.0 

1.6207E-03 
1.8493E-06 
1.9979E-06 
1.1012E-02 
1.7929E-05 
1.5754E-05 
0.0 
1.3116E-05 
3.4337E-07 
7.6322E-07 
9.8878E-07 
1.2105E-06 

ABSORPTION 

2.2648E-03 
3.6447E-06 
5.7634E-06 
1.5131E-02 
5.1445E-05 
3.0778E-05 
0.0 
2.5639E-05 
9.8926E-07 
2.2132E-06 
2.8863E-06 
3.5451E-06 

ABSORPTION 

3.5810E-03 
8.2118E-06 
1.4885E-05 
2.4490E-02 
1.3836E-04 
7.3000E-05 
0.0 
6.1015E-05 
2.7150E-06 
6.1539E-06 
8.1058E-06 
1.0000E-05 

ABSORPTION 

3.5918E-02 
1.6025E-02 
8.0801E-03 

9.4411E-04 
3.8017E-05 
4.1377E-03 
3.2303E-02 
3.7133E-02 
3.2385E-04 
0.0 
2.6962E-04 
4.5859E-02 
1.0193E-01 
1.3206E-01 
1.6167E-01 

SCATT.OUT 

9.1893E-04 
3.7446E-05 
6.2775E-03 
4.5626E-02 
5.6034E-02 
3.1622E-04 
0.0 
2.6342E-04 
6.5775E-02 
1.4715E-01 
1.9191E-01 
2.3571E-01 

SCATT.OUT 

8.2277E-04 
3.4426E-05 
6.9985E-03 
5.0291E-02 
6.5057E-02 
3.0604E-04 
0.0 
2.5579E-04 
7.2905E-02 
1.6525E-01 
2.1766E-01 
2.6853E-01 

SCATT.OUT 

5.9176E-01 
1.0159E 00 
9.0162E-01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PROD. N2N 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PROD. N2N 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PROD. N2N 

3.3753E-03 
0.0 
0.0 

1.8675E-
0.0 
0.0 
1.2661E-
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PROD. 

-04 

-03 

,FISS. 

5.9852E-
0.0 
0.0 
3.9831E-
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PROD. 

-04 

-03 

.FISS. 

5.9035E-
0.0 
0.0 
4.0129E-
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PROD. 

-04 

-03 

.FISS. 

8.8034E-
3.6028E-
0.0 

-02 
-03 

1.7145E-02 
3.5074E-03 
6.0009E-03 
1.7563E-01 
5.3853E-02 
2.6129E-02 
0.0 
2.1753E-02 
2.2528E-01 
5.0073E-01 
6.4872E-01 
7.9417E-01 

FLUX*VOL. 

3.4565E-02 
6.9126E-03 
1.1773E-02 
3.4759E-01 
1.0509E-0I 
5.1048E-02 
0.0 
4.2524E-02 
4.4138E-01 
9.8745E-01 
1.2878E 00 
1.5817E 00 

FLUX*VOL. 

4.6577E-02 
9.3477E-03 
1.5952E-02 
4.7841E-01 
1.4829E-01 
7.2670E-02 
0.0 
6.0740E-02 
6.3547E-01 
1.4403E 00 
1.8972E 00 
2.3406E 00 

^1 
KD 



4 
5 
6 
7 
8 
9 

3.338oE­02 
1.8553E­02 
9.1475E­03 
4.4779É­03 
8.8638E­03 
1.2939E­02 

III) NEUTRON BALANCE FOR 

PRODUCTION 

ABSORPTION 

1.0288E 00 
9.8015E­01 
7.8520E­01 
5.2935E­01 
7.6755E­01 
8.7650E­01 

♦FAST* 

9.5012E­02 

5.1943E­02 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

AND 

2.4996E-02 
1.6565E-02 
1.1597E-02 
1.2686E-02 
1.7523E-02 
2 .8393E-02 

1.0038E 00 
9.6357E­01 
7.7360E­01 
5.1667E­01 
7.5002E­01 
8.4810E­01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
1.4528E­03 
4.5816E­03 
4.6033E­03 

*EPITHERMAL* 

1.0638E­02 

1.1984E­01 

RANGE 

IV) ABSORPTION IN FERTILE AND FISSILE MATERIALS 

GROUP 

1 
2 
3 
4 
5 
6 
7 
8 
9 

F E R T . A B S . 

1 . 9 0 0 9 E - 0 3 
1 . 4 3 0 8 E - 0 2 
7 . 9 6 9 5 E - 0 3 
2 . 4 8 8 8 E - Û 2 
1 . 6 5 0 9 E - 0 2 
1 . 1 5 1 9 E - 0 2 
1 . 1 3 7 5 E - 0 2 
1 . 3 0 0 5 E - 0 2 
2 . 4 2 6 5 E - 0 2 

F I S S . A B S . 

5 . 4 8 4 7 E - 0 4 
1 . 0 4 2 1 E - 0 3 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 2 3 3 3 E - 0 3 
4 . 3 3 0 7 E - 0 3 
3 . 6 5 4 3 E - 0 3 

oo 
O 



C) THERMAL RANGE (THEMIS) 

I) DETAILED 
GROUP 1 

REGION 1 
2 3 4 
5 6 7 
8 9 10 

II) GROUP-
GROUP 

1 

REACTION RATES 

FLUX 
1.0935E-01 
1.1797E-01 1.2502E-01 1.5124E-01 
2.2926E-01 2.6486E-01 2.6828E-01 
2.7170E-01 2.9400E-01 3.5264E-01 

SOURCE IJ 
8.2277E-04 
3.4426E-05 9.1706E-03 6.3743E-02 
8.3969E-02 3.0604E-04 0.0 
2.5579E-04 7.7133E-02 6.8834E-01 

•AVERAGED REACTIONS RATES 
FLUX 

3.2187E-01 
SOURCE IJ 

9.2377E-01 

SOURCE 
0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

SOURCE 
0.0 

II 

II 

ABSORPTION 
7.9962E-02 
8.8644E-04 1.6096E-03 7.6713E-01 
2.8818E-02 1.7733E-02 0.0 
1.5037E-02 1.1265E-03 1.1466E-02 

ABSORPTION 
9.2377E-01 

SCATT. 
0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

SCATT. 
0.0 

.OUT 

.OUT 

PRUD. 
0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

PROD. 
0.0 

N2N 

N2N 

PROD.FISS. 
1.0368E-01 0.0 0.0 9.7330E-01 
0.0 0.0 
0.0 0.0 0.0 
0.0 

PROD.FISS. 
1.0770E 00 

FLUX*VOL. 
5.4537E-01 1.1231E-01 1.9966E-01 
6.8389E 00 2.8159E 00 
1.5477E 00 2.4779E 00 
1.3124E 00 1.4483E 01 1.4742E 02 

III) NEUTRON BALANCE FOR THERMAL RANGE 
PRODUCTION = 1.0770E 00 
ABSORPTION = 9.2377E-01 

IV) ABSORPTION IN FERTILE AND FISSILE MATERIALS 
GROUP FERT.ABS. FISS.ABS. 

1 3.0308E-01 5.2067E-01 



71 FEW-GROUP PARAMETERS (CELL-AVERAGED) 

BROAD GROUP 

1 
2 3 4 

FINE GROUPS 

1-2-3-4-5-6-7-8-9-10-

PRODUCTION 
4.3428E-03 0.0 3.5677E-04 6.0589E-03 

ABSORPTION 
2.3119E-03 1.3024E-03 2.9099E-03 5.1970E-03 

DIFF.COEFF. 
1.5265E 00 1.1758E 00 1.1815E 00 8.6764E-01 

SCATT.OUT 
4.7871E-02 3.9719E-02 3.0964E-02 0.0 

MEAN FLUX 
3.8894E-02 4.5985E-02 5.3992E-02 3.2187E-01 

TRANSFER KERNEL BETWEEN BROAD GROUPS 

TO 
FROM 

1 
2 
3 
4 

2.0049E-01 
4.7784E-02 
8.6764E-05 
2.1474E-07 

2.5163E-01 
3.9699E-02 
1.9877E-05 

2.5410E-01 
3.0964E-02 4.6850E-01 

81 FEW-GROUP PARAMETERS (MOD.-AVERAGED) 

BROAD GROUP 

1 2 3 4 

F I N E GROUPS 

1-2 -
3 - 4 -
5 -6 -7 -8 -9 -

10-

PRODUCTION ABSORPTION DIFF.COEFF. 
1.4225E-04 0.0 0.0 0.0 

1.8565E-04 1.0371E-07 1.8935E-06 7.7779E-05 

1.5298E 00 1.2557E 00 1.2384E 00 8.7889E-01 

SCATT.OUT 
5.4287E-02 3.8053E-02 
2 .9482E-02 
0 .0 

MEAN FLUX 
2 .8202E-02 
4 .4965E-02 
5 .5559E-02 
3 .4646E-01 

oo 
l\J 

TRANSFER KERNEL BETWEEN BROAD GROUPS 

TO 
FROM 
1 2 3 4 

1.8885E-01 
5.4283E-02 
3.7041E-06 9.1909E-09 

2.2740E-01 3.8052E-02 1.8053E-06 2.3969E-01 
2.9482E-02 4.4898E-01 



9, FEW_GROUP PARAMETERS (FUEL-AVERAGED) 

BROAD GROUP 
1 2 3 4 

FINE GROUPS 
1-2-3-4-5-6-7-8-9-

10-

PRODUCTION ABSORPTION DIFF.COEFF. 
1.1012E-02 0.0 2.7600E-03 6.7948E-02 

5.6875E-03 7.5461E-03 2.2499E-02 5.7487E-02 

1.5213E 00 7.9270E-01 7.9880E-01 7.5278E-01 

SCATT.OUT 
3.3197E-02 4.7706E-02 4.0950E-02 0.0 

MEAN FLUX 
1.0134E-01 5.1594E-02 4.5371E-02 1.8658E-01 

TRANSFER KERNEL BETWEEN BROAD GROUPS 

TO 
FROM 

1 
2 
3 
4 

2.1831E-01 
3.2988E-02 
2.0872E-04 
5.1653E-07 

3.6781E-01 
4.7600E-02 
1.0652E-04 

3.5120E-01 
4.0950E-02 6.6793E-01 

CD 



10) OVER-ALL NEUTRON BALANCE 

CONVERSION RATIO = 8.0406E-01 
TOTAL PRODUCTION = 1.1809E 00 
TOTAL ABSORPTION = 1.0933E 00 
INFINITE MULTIPLICATION FACTOR = 1.0802E 00 (PRODUCTION/ABSORPTION) 
INFINITE MULTIPLICATION FACTOR = 1.0876E 00 (4-FACTQR rORMULA) 
MATERIAL BUCKLING - INIT. GUESS = 3.4759E-04 
MATERIAL BUCKLING - EIGENVALUE = 3.2784E-04 
EXPERIMENTAL BUCKLING = 3.3700E-04 
EFFECTIVE MULTIPLICATION FACTOR = 9.9788E-01 

CO 



11) THREE-GROUP PARAMETERS (FOR HETEROGENEOUS PARAMETERS CALCULATION) 

BROAD GROUP 
1 2 3 

FINE GROUPS 
1-2-3-4-5-6-7-8-9-10-

PRODUCTION 
1.9900E-03 3.5677E-04 6.0589E-03 

ABSORPTION 
1.7650E-03 2.9099E-03 5.1970E-03 

DIFF.COEFF. 
1.3365E 00 1.1815E 00 8.6764E-01 

CELL-AVERAGED 

SCATT.OUT MEAN FLUX 
2. 1558E-02 3.0964E-02 0.0 

8.4879E-02 5.3992E-02 3.2187E-01 

TRANSFER KERNEL BETWEEN BROAD GROUPS 
FROM 1 2 

TO 1 2.5009E-01 2 2.1548E-02 3 1.0867E-05 2 . 5 4 1 0 E - 0 1 
3 . 0 9 6 4 E - 0 2 4 . 6 8 5 0 E - 0 1 

BROAD GROUP 

1 
2 
3 

F INE GROUPS 

1 - 2 - 3 - 4 -
5 - 6 - 7 - 8 - 9 -

1 CO­

PRODUCTION 

5 . 4 8 3 1 E - 0 5 
0 . 0 
0 . 0 

ABSORPTION 

7 . 1 6 2 3 E - 0 5 
1 . 8 9 3 5 E - 0 6 
7 . 7 7 7 9 E - 0 5 

DIFF.COEFF. 
1.3614E 00 1.2384E 00 8.7889E-01 

MOO.-AVERAGED 

SCATT.UUT MEAN FLUX 
2.3387E-02 7.3166E-02 2.9482E-02 5.5559E-02 0.0 3.4646E-01 

TRANSFER KERNEL BETWEEN BROAD GROUPS 

TO FROM 2.3346E-01 2.3386E-02 1.1130Γ-06 2.3969E-01 2.9482E-02 4.4898E-01 

co 

FUEL-AVERAGED 

BROAD GROUP 
1 2 

FINE GROUPS 
1-2-3-4-5-6-7-8-9-10-

PRODUCTION 
7.2969E-03 2.7600E-03 6.7948E-02 

ABSORPTION 
6.3145E-03 2.2499E-02 5.7487E-02 

DIFF.COEFF. 
1.2755E 00 7.9880E-01 7.5278E-01 

SCATT.OUT MEAN FLUX 
1.6233E-02 1.5294E-01 4.0950E-02 4.5371E-02 0.0 1.8658E-01 

TRANSFER KERNEL BtTWEEN BROAD GROUPS 

TO FROM 2.9061E-01 1.6196E-02 3.6276E-05 3.5120E-01 4.0950E-02 6.6793E-01 



12) THREE-GROUP HETEROGENEOUS PARAMETERS 

TO FROM 3.7532E-02 -4.3820E-02 
•1.3829E-04 -9.7191E-02 

GAMMA 

-4.2290E-03 -8.5490E-02 1.0688E-01 0.0 
1.1204E-01 

SURF. FLUX 

1.1868E-01 5.6552E-02 2.8322E-01 

D I P . TERMS 

1.7057E-01 
1 .4138E-01 
1 .7686E-01 

co 



ISPRA 6/2/68 BURN-UP SINGLE ROD PITCH 15.6849 

1) GENERAL DESCRIPTION 

GEOMETRY 

NUMBER OF FUEL ROOS = 1 TYPE OF LATTICE = SQUARE GEOMETRICAL CONFIGURATION NUMBER = 2 NUMBER OF ISOTOPS = 8 
RADIUS FUEL ROD = 1.727200 RADIUS CANNING = 1.927999 DISTANCE BETWEEN RODS = 0.0 PITCH = 15.684899 RADIUS INT. OF PRESS. TUBE = 2.076799 RADIUS EXT. UF PRESS. TUBE = 2.209800 RADIUS INT. OF CAL. TUBE = 2.209800 RADIUS EXT. OF CAL. TUBE = 2.209800 



ATOMIC DENSITIES, TEMPERATURES, DENSITY FUEL, PURITY D2Û AND VOLUMES OF PURE MATERIALS 

TEM.(C) 

DENSITY 

235 

238 

239 

240 

27 

12001 

10016 

12002 

ΡART.V. 
TOT.V. 

FUEL 1 

600 

1.0422E 01 

3.4351E-04 

4.7354E-02 

1.0000E-12 

1.0000E-12 

0.0 

0.0 

0.0 

0.0 

3.7488E-01 
3.7488E-01 

FUEL 

600 

3.4351E-

4.7354E-

l.OOOOE-

l.OOOOE-

0.0 

0.0 

0.0 

0.0 

2.9991E 
2.9991E 

2 

-04 

-02 

-12 

-12 

00 
00 

FUEL 

600 

3.4351E-

4.7354E-

l.OOOOE-

l.OOOOE-

0.0 

0.0 

0.0 

0.0 

5.9981E 
5.9981E 

3 

-04 

-02 

-12 

-12 

00 
00 

CANNING 

27 

0.0 

0.0 

0.0 

0.0 

6.0200E-

0.0 

0.0 

0.0 

2.3058E 
2.3058E 

-02 

00 
00 

COOLANT 

150 

0.0 

0.0 

0.0 

0.0 

0.0 

6.7000E-

3.3500E-

0.0 

1.8721E 
1.8721E 

-02 

-02 

00 
00 

FILLER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

27 

PR. TUBE 

27 

0.0 

0.0 

0.0 

0.0 

6.0200E-

0.0 

0.0 

0.0 

1.7911E 
1.7911E 

-02 

00 
00 

INS. LAYER 

27 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

CAL. TUBE 

27 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

MODERATOR 

60 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.3100E-02 

6.6200E-02 

2.3067E 02 
2.3067E 02 

ISOTOPES WITH RESONANCE ABSORPTION 235 238 



FOR BURN-UP CALCULATION (DETAILED) 
POWER = 4.1000E 13 DELTA TIME = 3.0000E 06 
TIME STEPS 
COMPLETE CELL CALCULATION = 1 THERMAL CALC. ONLY (SPECTRAL AND SPATIAL) = 1 THERMAL CALC. ONLY (SPATIAL) = 1 DEPLETION CHAINS = 4 
CHAINS 
DEPLETION 
2 
3 

FISSION Ρ 
13 
14 15 16 17 18 19 20 21 22 23 24 

IME = 0.0 

co 
KO 



5) ΓΡΙΤΙΓΛΙΙΤΥ 

THrRMAL U T I L I S A T I O N FACTOR 9 . 4 < > 5 4 Ρ 3 ? Ε - Ή 
THERMAL F I S S I O N FACTOR 1 . 3 0 3 7 5 1 9 F V) 
THFP.MAL MULTIPLICATION FACTRR 1 . 2 3 7 9 6 5 6 E '*n 
RESONANCE ESCAPE PROBABILITY P . 9 3 4 5 7 0 D F ^ ? 1 
FAST F ISS ION FACTOR 1 . C 4 2 7 5 2 3 F "il 

INFINITE MULTIPLICATION FACTOR 1.1625351E !>0 
(4-FACTOR FORMULA) 

THERMAL DIFFUSION AREA 1 . 8 3 5 5 2 9 5 E 02 

O 



10) OVER-ALL NEUTRON BALANCE 

CONVERSION PATIO = 7.8625F-01 
TOTAL PRODUCTION = 1.2576E 00 
TOTAL ABSORPTION = Ί.ΤοςίΕ ^Γ* 
TNFTNITF MULTIPLICATION FACTOR = 1.1484F OP (PRODUCTION/ABSORPTION) 
INFINIT^ MULTIPLICATION FACTOR = 1.1625F Ort (4-FACTOP FORMULA)-
MATERIAL BUCKLING - INIT. GUFS5 = 5.8984F-04 
MATERIA!. BUCKLING - cTr.FNVAtUF = Ç.4526F-04 
EXPERIMENTAL BUCKLING = 0.0 
EFPECTIVF MULTIPLICATION FACTOR = I.1489F OO 

KO 
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4 . ] ^ 6 P F 
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14) ATOMIC PFNSTTTPS ΓΟΡ T u r NFXT T T M F - S T F P (ATOM p f R CM**? ) 

CHAIM 2 ( Ο Ε Ρ Ι Γ Τ Ι π κ ΐ ) 

PFHIO' l 3 ? ■* 

TSOTOP 2 
TSOTPP J] 

3 . 3 1 P ' F 20 
l . 8 ° 9 1 F l R 

? . 3 1 ! I F ?f 
- > φ ΐ | > ο ς Γ I R 

3 .2P f i r > F ?0 
? . 4 P ? 8 F 1« 

CHAIN 3 (OFPLFTTorg) 

P F G I O M 

TSOTPP 
ISn-rpo 
TSOTpp 
ISOTPP 
τςρτρρ 
TSOTOP 

ι ? 
ι ι 

4 
ι 4 

F 

4 . 7 3 4 4 F 
ft.Ç4P4F 
O. 5*5' OE 
P . 5 8

C C
T 

o . 2 i ' P F 
1 . 6 8 7 3 F 

ι ι 

Ì5 
1 7 
1 8 
16 
15 

4 . 7 3 ' · ? Γ 
6 „ P ' . £ 1 F 
P . P p ^ f t F 
8 . 9 5 6 6 Γ 

T . o r m F 

ι . 7 4 6 ? Γ 

2? 
1 s 
1 τ 

IP 
1 7 

i F 

4.7341F 
p.1077F 

1.1824F 

].
Λ
532Ρ 

).4''96F 

2.6P?^F 

91 

1 F 

IP 
ι o 
ï 7 
ι s 

ΓΗΑΙΝ i * ( n s s i n r i
 O

P.O>->I<T
T
S) 

r Γ Γ, Τ ON 

Ï S O T P P 

I S P T p o 
i c p r p o 
j S f i T p p 
ι ς ρ τ ρ ο 
TSOTPD 
τ ς ρ τ ρ ρ 
y r o T r n 
I S O T p o 

Γ HA Τ Π ' 

ΓΓΓ,ΙΡΜ 

τ snrrip 
I S O T O P 
τ SPTPP 
j c n - r p o 
j Γ η τ ρ ρ 
I S n j p p 

f -> 
H 
4 e, 
46 
4 7 
4 8 
¿,ο 
c o 
ι 6 

M. { 

ι F 

1 6 
c

2 
FA 
r; c 
r
6 

1 

7 . F o ? o
r 

5 . P F 7 3
C 

F . A P P I <■ 
4 . F 7 ? ' F 
? . 7 ·>.

c
: 2 F 

° .
r
> 7 ^ 2 F 

3 . 4 0 2 1 F 
n . n 

1 6 
1 7 

1 7 
1 7 
1 7 
1 6 
1 4 

FIS?. ï PN pponuc 

1 

7 . 7 6 4 8 F 
1 . 1 6 θ ς Γ 
n . r 
A . 3 ? 7 « F 
? . 6 3 ' 0 F 
9 . ^ . 6? 4F 

1 F 
I 7 

i r~ 
j 6 
1 r 

? 

Ρ . p f' * 7 F 
6 . 1 9 7 3 F 
? . 3 " ? * 6 F 
5 . P I " ' Γ 
4 . P . 4 7 C F 
7 . 8 7 P O F 
° . F r o 7 r 
4 . P ? P 2 F 
1 o 1 ^ 4 ' F 

TS) 

? 

P.i3PPF 
1 . ? ? 61 F 
r " . r 

4 . ? r ' 7 T 
? . 7 " c r 
α . Γ 4 ' Μ Γ 

16 
ι 7 
1 4 
1 7 
ï 7 
1 7 

1 6 
' 4 
1

e 

1 F 

17 

1 6 

ι l· 1 r; 

ï. 

° . 7 ° F 6 F 
7 . S P ' 2 r 

? .8^°2Ε 
7 . 1 1 4 3 F 
c . 0.044.Γ 
' . 4 4 4 3 F 
1 . 1 4 2 2 F 

■ ? . ? ^ 7 8 F 

o . " 

9 

0 . F ' S F F 

1 . 4 ' 7 4 F 
7 . P 1 . 6 2 F 

^ . n i 2 F 
τ .

,
4 6 ?

Γ 

1 . 1 4 2 2 Γ 

1 6 
1 7 
1 4 
1 7 
1 7 
1 7 
1 7 
1 4 

1 F 

1 7 
1? 
16 
1.6 
1 6 

KO 



Γ Ι ' Λ Ι Μ I F ( r y F i n r i Ρ [ ? Π " Ρ Γ Τ < ; ) 

RFOI OM ι ? ~· 

τ ς ρ τ Γ " r: τ ' , . ? 6 ' " P F 16 ? . 4 ' " ? ' r r ] 6 3 . ' , " 4 ? Γ 16 
ί ς η τ ρ ρ cp ? „ i q ^ 4 r i " ' ? . 4 " " 7 Γ ι ? ' , " Ί 7 Ρ Γ 17 
ISPTpp co 4 . 7 ? P 4 r 17 c

.
r
Í ¿ 3 r 17 6 . 2 1 1 4

Γ
 17 

ι. H/ft Τ Ν 16 ( F 1 S M 0 N PPPn i iCTM 

ΡΓΓ,ΙΡΜ ι 2 ? 

ISOTpp f.r 7 . 6 6 ' ' Τ i f 2 . P 1 7 6 F I f ? . 4 6 ° 1 F 16 

ÏSPTPP 61 1 . 5 " 4 T ?7 1 . 6 8 P 4 F 17 2 . '
,
7 7 6 F 17 

TSÕTPP h? P . 7 " i 7 8
r
 17 o . i a r ' F 1

 7
 1 . 1 7 7 Ρ Γ 18 

TSOTOP 36 6 . 6 ' F ^ r ί ο ¿ , ς ς ς η ρ j p P . 3 6 r 6 F 10 

CHAIN 17 (FTS^TnN P ^ O P U C T F ) 

REGION 1 ? 3 

ISOTOP 
ISOTOP ISOTPP ISOTOP 

6Π 
61 64 65 

2.66P?1" 
1.5942F 5.5164F 6.25FFF 

16 
1 7 1 7 
i Λ 

2.8176F 
1 ,6PP4F 
^.P3Î7F 
6.9242Γ 

16 

1 7 
17 
14 

3 . 4 6 ° 1 F 16 
2 . - 7 7 6 Γ 17 f 
7 . 1 7 5 2 F 17 ^ 
O.PP76.F JA 

CHAIN "IP ( F I S S I O N PPPPUCTS) 

REGION 1 2 3 

ISOTOP 66 3 . 6 7 1 3 F 16 3 . P P 6 4 F 16 4 . 7 7 2 F F 16 

ISOTOP 67 2 . P P 5 8 '
r
 17 ? . 1 6

r
" F 17 3.P" '7QF 17 

ISOTO° 68 3 . 0 9 7 1 F 17 3 . 2 6 9 4 F 17 4 . T I 5 P F 17 

CHAIN 19 ( F I S S I O N PRODUCTS) 

REGION 1 ? 3 

ISOTOP 31 7 . 6 8 1 2
r
 15 Ρ . 1 3 0 6 Γ 15 Q.9PP6E 1 ^ 

TSOTPP ->h 2 . 6 6 1 4 E 15 ? . 7 ° 5 P F 15 2 . P ? 9 2 F I F , 



Ρ F r, ι ΠΝ 

I S O T p p 

I S O T O P 
I S O T O P 
I S O T p p 
I S O T O ° 
I S O T O P 
I S O T O P 
I S O T O P 
TSOTOP 

ISOTOP 

rsoTop 
T S O T 0

0 

I S O T O P 
I S O T O P 

1 7 

I P 

1 9 

7 0 

2 1 

? 3 

? 4 

2 5 

2 6 

? 7 

? 8 

2 9 

3 Γ 
K

3 

1 

4 . 2 6 6 9 F 
3 . 3 2 5/j.F 
l . " 5 6 4 '

: : 

1 . 5 ^ 4 6 F 
1 . 6 4 2 3

e 

1 . 2 1 ' " PF 
2 . 7 2 3 1 F 
' . 4 9 Γ 4 Ρ 
9.. 51 F F T 
1 . 1 8 2 6 · = 
1 . 7 1 9 5 F 
7 . n « 5 P 5 E 
1 . 5 P 8 3 F 
1 . R 1 7 2 E 

1 7 
1 7 

1 7 
1 7 

1 5 

1 6 
1 6 
1 7 
1 f 
1 7 

1 5 

1 6 

1 6 
1 5 

? 

4 . 5 1 6 0 F 
3

. 5 2 " 2 F 
1 . 1 1 7 1F 
1 . 5 9 0 6 F 
L ô P o i f 
1 . 2 7 R 3 F 
2 . 7 6 1 5 F 
' . 5 5 7 Λ Γ 
3 . 4 4 0 R F 
1 . 1 0 7 4 F 
1 . 8 1

n
l F 

7 . 1 5 3 4 F 
1 . 5 9 7 1 F 
1 . 8 0 9 F E 

1 7 

1 7 
1 7 
1 7 
1 F 

1 6 
1 6 
1 7 

1 5 

1 7 

I F 

1 6 

1 6 
1 5 

9 

5 . 5 4 0 4 F 
4 . 3 1 6 7 F 

1 . 3 6 4 7 E 
1 . 9 4 0 5 E 
1 . 8 6 6 5 F 
1 .

ε
4 8 4 Γ 

2 . 8 1 9 2 E 
3 . 7 2 9 1 E 
3 . 2 1 P 1 F 
1 . 1 7 Ù 9 E 
2 . 1 5 7 3 F 
7 . 3 0 5 4 F 
1 . 5 5 9 3 E 
1 . 7 3 3 3 F 

1 7 

1 7 

1 7 

1 7 
1 F 

1 6 

1 6 
1 7 

1 5 

1 7 

1 5 

1 6 

1 6 

1 5 

CHAIN 21 (FISSION PRODUCTS) 

PFOTPN 1 2 3 

TSOTOP 3? 7 . F 2 1 6 T ) 6 7 . 9 5 1 5 F 16 9 .6959Γ- 16 I 

ISOTOP 3? 2 . 4 7 3 7 F 15 2 . 6 l * 6 F 55 ' . 1 7 9 9 F 15 
ISOTOP 26 3 . 9 * 4 P F 16 4 .

r t
5 9 7 F j ¿ 4 . 6 2 6 1 F 16 

ISOTOP 27 8 . 7 1 4 3 F 15 ° . 8 6
r
7 F I F 1 . 5 0 3 8 F 16 vo 

ISOTOP 28 1 . 1 7 1 " F 13 1 . 3 8 7 ' F 13 2 . 5 3 5 6 F 13 J» 
ISOTOP 29 4 . 3 3 P 7 F 13 * . 1 4 1 0 F 13 9 . 5 3 1 1 F 13 
ISOTOP 3

r
 1..69C-3F ] i 1 . 6 6 7 1 F 11 6 . 5 4 4 6 F 11 

ISOTOP
 c

' r . Ρ r . n 1 . 0 3 4 8 E 0 9 1 

CHAT M 27 ( F I S S I O N PRODUCTS) 

c F G I O N 

TSOTOP 
rsoTF io 
Î S P T P D 
TSOTOP 
I S O T p p 
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T S O T p p 
I S P T p p 
TSOTOP 
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JÇPTPP 
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1 Ρ 
1 9 

2 0 

.7? 
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2 6 
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9 r 

1 
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1 .

Λ
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1 . F " 4 6
r 

° . 6 4 2 9 F 
1 . 3 F 1 4 E 
2 . 6 6 4 6

r 

1 . 5 8 1 " F 
? .

n
4 ? P

r 

4 . 6 4 1 P F 
7 . 3 ? Γ ' 4

Γ 

F . 1 6 4 F P 
° . P 4 4 1 F 

1 7 

1 7 
ï 7 
1 7 

1 4 
1 9 

i?. 
1 6 
1 Λ 

1 F 
1 9 

1 5 

1 ¿ 

9 

4 . 5 1 6
r
 F 

7 . 5 ?
Λ

2 Γ 
' I . 1 Í 7 1F 
1 . 5 9 1 6 F 
1 .

 r
< ? ° 6 F 

! . 5 2 6 ¿ F 
7 . Ρ, Ρ 7 Ρ F 
1 . 6 6 ? 6 F 
p . r p t r r 
4 . o r o ' · Γ 

R. i" 9P¿ Γ 
5 . 4 7 0 1 Γ 
1 . ° ' P 1 Γ 

1 7 

j 7 
1 7 
1 7 

1 F 
ï 7 
i 9 

1 6 

1 4 
1 r 

1 ? 
1 F 

1
e 

3 

5 . 5 4 0 4 F 
4 . 3 1 6 7 E 
1 . 3 6 4 7 E 
1 . 9 4 0 5 F 
1 . 3 " 8 1 F 
2 . 3 9 5 4 F 
3 . 7 9 5 5 F 
1 . ° 5 1 4 E 
2 . 2 6 3 7 F 
r

. P P 5 i F 
1 . 1 5 6 1 Γ 
6 . 4 3 2 2 F 
l o 2 2 8 2 F 

1 7 

1 7 

1 7 

1 7 
1 F 

1 3 
1 3 

1 6 

1 4 
1 F 

1 3 

1 5 

1 5 



IS PT pp
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 3 1 . 1 1 2 " " 14 1 . 1 Λ ^ 7
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CHAIN 23 ( F I S S I O N oopnilCTS) 

PFGIOM 

I S O T P P ~"~ 
j s p ­ r p p 7 ] 

' . 3 ¿ ' 5 F 19 
1 . 3 1 2 9

c
 14 

9 . F r a ι F 19 
Í . 9 P i 7 r ï * , 

4 . . '947E 1 ' 
1 . 1 6 2 3 F 14 

CHAIN 24 (FTSSION PRODUCTS) 

RFC. TON 1 ? 

TSPTPP 79 1 . 7 i " 6 F 19 i . 7 "
7
6 ' F 1 ° 1 .6P63F 1 ° 



F I S S I O N P P p ^ J F T v i . r p n T f p i r AF. S""PPT Τ Or! r P n r - ς c p r T T p M F 

C H A I N i 0 

Ρ ΓGΤ ON ι 2 3 

I SOTO" 
Τ ςητρρ 
Τ ςρτρρ 
Ιςρτρο 
τ snTpi 
TFPTPP 
ISpTpn 
ΐςρτηρ 
Τ CPTPP 

6^ 
4 Λ. 
4F 
46 
4 7 
Λ R 
t — 

1 6 

9F73F- r.6 

C 9 Q 4F. 
opFir-

"6 
"7 

9 9 /. 1 F _ r Λ 
97^qr-^9 

c . 
0 . 
ï . 
— β 

r-
o 
o 

4 . 
4 . 

- 6 7 r r -
r ->7o f - -
c ^ P A p -
2 4 6 7 Γ -
A 

7 9 9 / , ρ . 
Q T - 6 F -
7 6 ? i F-

- 1 6 
-1 Γ 
- 1 6 
• " 7 

- 1 6 
- P O 

- * Q 

Γ "* 

7¡<­1 Ρ5Τ­06 

1.'i~4Í F­CQ 

Γ.1256F­P6 

4.'.1 1 3F­17 
Ρ η 

7 ¡ P 1 1 3 Γ - 0 6 
6 . 7 6 1 9 F - 1 P 

CHA TN 14 

p c C I H M 

[ S n i - f i n 
T S P T p P 
Τ r - ρ τ ρ ρ 
I S P T P P 
τ S ρ τ π ρ 

I S O T P " 

1 c 

1 6 
c 9 

c
4 

56 

1 . 6 P 6 2
r
-

4 . 6 7 0 9 F . 

1 . 3 7 9 7 F - ~ 7 
Ϊ . 3 6 3 4 Γ - Γ 7 
' . 9 3 ? 3 c - i " 7 

i . P 7 7 1 F - 1 * 
¡ >

η
5

3
4 Γ - ΐ 7 

1 ° 4 ° 7 < : r - 0 7 
1 . 4 5 7 0 F - 1 7 
4 . 2 6 1 R F - 1 7 

2.7791F-15 
6.3427F-07 
1 . C 7 5 6 F - 1 1 
1 . 9 6 8 8 F - 0 7 
1 . P 6 8 7 F - 0 7 
F . 9 5 9 1 F - 1 7 

Γ HA T Ν 1 K 

P F C T P ' 1 

I F ρ T f l Ρ F 9 
I S O T P P FR 
i r n j r n c o 

2 . 6 ~ 6 1 ( " - ' V , 
1 . P 7 ? 2 F - , , 5 

2 . P r ' 4 6 F - ' , 6 
' , . 1 ι 2 1 P - O F 

4 . 4 2 6 3 F - n 6 
3 . 1 7 2 2 F - 1 F 

Γ ' Ι Λ Τ Ν 1 *· 

Ρ Ρ Γ , Ι Π ' ! 

TSPTPP 6Í" 
TCPTPP 61 
TSn^pr» /■ 9 
J FPTD1 9£ 

7.9F0 9F­rf 

7. '1 n^c-- ri 

5. 5i96
r
­''P 

R.l50PF­"6 
7„ oppcp_o ρ 

*. '·900ρ_πρ 

1.27"ir_nF 

1.Ì047F­P7 

R.7305F­1R 



Π Ι Α Ι Ν 

f r r. I P " ' 

j c p r p n 
I S P T P P 
j c ρ τ pr. 
I S O T P P 

C H A U ' 

ΡΓΓ, ΙΟΜ 

τ ς ρ τ ρ ρ 
TSOTOP 
TSOTpp 

C"ΙΑ TN 

Ρ Ε Γ. Τ ON 

T S O T P 
T S P T p o 

C H A I N ; 

RFC, I O N 

TSOTOP 
I S O T O P 
TSOTOP 
I S O T P " 
I S O T O P 
I S O T p p 
I S O T O P 
ÎSOTPP 
TSOTPP 
TSOTOP 
I S O T O P 
I S O T O P 
I S O T P P 
I S O T O P 

ι -* 

f-r 

61 
' 4 
^5 

1 F. 

6A 
4 7 
6 Ρ 

! ° 

71 

' 6 

2
r 

1 7 
I P 
l

n 

9 P 

2 1 
7 7 
2 4 
2 5 
7 6 
7 7 
2 8 
2 9 
9P 
^ 3 

C H A I N 21 

4 

7 . 
6» 

« 

5 . 

6 . 
2 . 

o . 
1 
t « 

7 . 
P . 

• 
1 . 
1 . 
Λ 

' * 5 . 
P . 
6 . 
8 . 
0 . 
8 . 
6 . 
5 . 

1 

-
, ' C 0 5 F . 

r | 9 0 7 F -

r ì 79 F . 

1 

1 2 M F -
, 3442Γ-
361 5

r
-

1 

n 

2115F-

1 

8923F-

-'" r 

-
f
 6 

- ' ' 3 

- ' 8 
-1-6 
. O C 

- 1 3 

- 1 6 
1 2 6 1 F - 0 7 
Λ 

1 Fl oc . 
0 3 7 9 F -
r> 

5389F-
51 82"--
6 2 7 7 F -
QR42F-
0 

3 8 '
,
6 F -

1019F-
9 0 7 1 F -

- 1 5 
- 1 5 

-ΟΛ 
- 1 6 
• 1 6 
- ' ' 6 

- 1 6 
-

r ,
6 

-r^6 

P. 
7 , 
1 
1 ■ 

r: 
1

1 
7 . 

2 . 

1 . 

2 . 

H. 
p . 
1 . 

1 . 
1 . 
0 . 
5 . 

°. 6 . 

°. 9 

S . 
6 . 
6 . 

n 

r. 

! l
 c f

i P F -
, 4 F 7 7 F -
, 3 4 1 8 F -

9 

, 6 9 4 5 F · 
, ' 4 2 6 F-
, 6 2 3 7 F -

2 

Γ 

: 3 4 5 0 F · 

2 

, 6 8 8 6 F -
. 8 9 0 2 F -

n 

Γ2561Τ-
, Π 5 1 Γ -
r 

; 7994F-

,r3°?F-
c i 6 P ° F -

, 5 i 7 ) F -
f> 

-rf-
- 0 6 
- i p 

-OR 

- 1 6 
_n. c 

- 0 7 

- 0 6 
- I T 

-rir; 
-OF 

-Γ 4 
- 1 6 
- 0 6 
- 0 6 

, 8 5 5 « F - r > 6 
3 9 1 6 F -

, 1 8 9 1 F -
- 0 6 
- 0 6 

r. 
1 . 
1 . 
4„ 

Ρ . 
1 . 
3 . 

ι . 

2 . 

1 . 
1 . 
Γ . 
1 . 
ι . 
ι . 
6 . 
1 . 
Ρ . 
1 . 
0 . 
1 . 
7 . 
7 . 

9 

-
7 9 « 1 ρ . 

, ">5ί-7Γ-
1 2 P 6 F -

9 

. 5 7 1 2 Ε -
7 5 7 1 F -
P 4 3 3 F -

9 

Γ ι 

0 5 4 3 F · 

9 

2 6 8 3 F -
3 2 8 3 F -
η 

7 7 2 5 F · 
5 0 7 8 F · 
^ 
9 3 R 9 F -
1 3 1 0 Ε -
' 7 3 ^ Ρ · 
1 7 5 7 F -
1 
0 8 4 8 F -
5 1 3 0 F -
2 5 9 4 Ë -

- Γ c 

• " ■ i 
-<-·ρ 

-OP 
- 0 5 
-0·5 

- 1 3 

- 0 5 
- 0 6 

- η ς 
- r i F 

- 0 4 
- 1 5 
- 1 6 
-OF 

- 0 5 
- 0 6 
- 1 6 

CD 



PFC I P M 

I S P T P P 
T F P T P P 
ISF 'TPP 
j S P T p p 
TSPTPP 
TSPTPP 
TSPTPP 
ί ς η τ ρ ο 

α 2 
9 9 

7 6 
2 7 
7 ? 
2 o 
i r 

5 7 

4 . 5 6 4 ) E — i S 
r . o 
7 . 3 6 1 p r - F F 
7 . 2 3 2 i P - ' , 7 
0 η 
c

. ï 5 i 4 ^ - r o 
6 . 4 9 5 7 Ε - Π 
1 . 1 

4 . 9 4 2 Ρ Γ - 1 Ρ 

• 
" . 2 Γ · 1 0 ρ - ΐ 5 
8 . 4 6 5 Ρ Γ - 1 7 
0 . 1 
6 . 3 6 4 5 F - 0 9 
6 . 6 7 1 Ρ Γ - i 1 
0 . 0 

6 . 7 7 r 2 F - i P 
* . " » 
1 . 2 1 6 7 E - C 4 
1 . 5 1 3 8 F - n 6 
0 . 1 
1 . 4 1 5 7 F - 0 P 
3 . 1 4 9 Ï F - H 
¿ . 3 3 4 1 F - 1 2 

C H A I M 

Ρ F C I PM 

TSPTPP 
T S P T p o 
TSPTPP 
I S P

T
C

D 

I S C T P P 
I S O T P P 
T S P T P P 
I S P T P " 
TSPTPP 
T S P T p p 
I S P

T
P P 

T S P T p p 
f S P

T n
P 

T S P T p p 

C H A I N ; 

P
r
G I P \ ' 

TSPTPP 

I S
n

T P 3 

CHÛU. ' ■ 

P F G I O N 

I S P T p p 

1 7 
1 3 
1 9 
9 Γ 

9 1 

9 9 

2 4 

2 5 

2 6 
7 7 

2 8 
? o 

9 Γ 
5 3 

? 9 

7 " 

7 1 

' 4 

7 2 

1 

7 . R 9 2 3 F - 1 6 
P . i 2 6 1

c
- i 7 

1 . 1 

1 . 1 5 1 9
C

- 1 5 
6 . 7 6 1 9 Γ - 7 7 
0 . 1 

5 . 4 2 " ^ F _ " 7 

7 . 8 6 ΐ 7 έ - ' ' , 7 
9,. RF1 4 Γ - . - 7 
7 . 8 5 1 2 F - 1 7 
ι . ι 
' - . I 3 1 9 F - 1 7 
' . 7 8 2 0 F - F 7 
3 . 6 2 5 5 F - P 7 

1 

1 . 0 

5 . 3 6 4 7 F - 1 6 

1 

1 . 6 4 7 6 Γ - Γ 5 

2 

P . 6 P P 6 F - 0 6 
8 . f i 9 9 2 F - " 7 

■ ' 
1 . 2 5 6 1 F - 1 5 

7 . 5 7 O F - i 7 

6 . 1 F 6 7 F - 1 7 
A . 2 2 4 7 F - 1 7 
4 . 2 1 4 P F - 1 7 
Δ . . 71 4 ^ , F - i 7 

o .
r 

r , "
7

7 9 ¿ F _ P 7 
4 . 1 5 4 4 F - 0 7 
3 . 9 R 3 8 F - 1 7 

2 

" . ι 

5 . 5 6 3 6 Γ - 0 6 

2 

1 . 8 ^ 6 ? F - " ? 

9 

1 . 7 6 8 3 C - 1 5 
1 . 3 2 8 3 F - 1 6 

r.·^ 
1 . 7 7 2 5 F - 1 F 
i . i 7 7 6 E - 0 6 
n 0 
■ e 
° . 3 4 2 0 F - 0 7 
5 . 9 1 8 6 F - 1 7 
5 . ° " > 5 1 E - 0 7 
Γ . ° 1 4 4 Ε - 1 7 

Γ .
Λ 

n
. 6 2 5 3 F - i 7 

c . □ 1 o g p _ r t 7 
5 . 6 6 5 6 F - 0 7 

9 

i . i 

6 . 3 8 ° i r - 0 f 

9 

2 . 5 9 I 6 F - 1 5 

\0 



FOR BURN-UP CALCULATION (DETAILED) 
POWER = 2.0500E 13 DELTA TIME = 6.0000E 06 
TIME STEPS 
COMPLETE CELL CALCULATION = 1 
ïöl2!ïAl· £AL£· 0 N L Y «SPECTRAL AND SPATIAL) = 1 THERMAL CALC. ONLY (SPATIAL) = 1 
DEPLETION CHAINS = 8 

o o 



1) ATPMIC PFNSTTIFS C7lJrL) A.T THF TJMp 3.rpp"F "6 

FITL 1 FUTL 2 FHFL 3 

235 ' .3183^-14 3.3111Γ-04 3.28orF-r4 

238 4.7343F- r7 4.7347F-°2 4.79/ . iF-r2 

239 8.58F9F-16 8.9566F-P6 1.0F72F-15 

240 9.2139F-op l . i " 2 5 F - 0 7 1.4""6F-17 

27 " . ι " . ι Γ.0 

12011 i . 0 " . i 1.0 

10O16 i . 0 P. r 1.1 
1201? r\mr o # ^ 1 , n 



5) CRITICAITTY 

THERMAL UTILISATION FACTOR P.5120746F-51 THERMAL FISSION FACTOR 1.2611361.F 10 THERMAL MULTIPLICATION FACTOR l.lt>96021E 00 RESONANCE FSCAPE PROBABILITY 8.9343423F-01 FAST FISSION FACTOR 1.040?079E 00 

INFINITE MULTIPLICATION FACTOR 1.123635'F in (4-FACTOR FORMULA) 

THERMAL DIFFUSION AREA 1.7966205F 02 

O 
ro 



10) P V F R - í L l NFUTPON BALANCE 

COMVERSIPM RATTO = 7 . 8 2 2 4 E - 0 1 

TOTAL PROnuCTION = 1 . 2 i P 6 E 00 

TOTAL ABSORPTION = 1 . 0 9 5 0 E on 

I N F I M I T F MULTIPLICATTPM FACTpp = 1 . U 2 9 F On 
(PPOOIJCTTON/ABSOPPTION) 

I N F I N I T E M U L T I P L I C A T I O N FACTPP = 1 . 1 2 3 7 F 0 0 
(4 - p ACTOR FORMULA) 

MATFPIAL BUCKLTNG - T N I T . GUFSS = 4 . 5 5 7 9 F - 0 4 

MATERIAL BUCKLTNG - F IOFNVAIUE = 4 . 2 5 1 8 F - n ¿ 

EXPERIMENTAL TiUfKLING = O . i 

EFFECTIVE M U L T I P L I C A T I O N FACTOR = 1 . U 3 4 F i n 

o 
KJJ 



13) BURN-UP 

Α) ί ΙΝΓΑΡ CHAIN MACROSCOPIC ABSORPTION CROSS SECTIONS 

R F G I O N 

CHA Τ Ν 
C H A T N 
C H A I N 
CHATN 
C H A I N 
C H A I N 
C H A I N 
CHATN 
C H A T N 
C H A I N 
C H A I N 
C H A I N 

13 
14 
15 
ï 6 
1 7 
I P 
i o 
2° 
21 
2 7 
73 
2 4 

1 

3 . 9 3 6 F F - O F 
1 . 3 6 1 7 F - 0 5 
5. 3 ΐ5? ! " - . ΐ5 
3 . 8 3 6 ? r - 0 6 
2 . i 6 3 ° F - i F 
Ρ . 2 3 3 ? Ε - ' Λ 5 
1 . 7 4 1 F r - P 7 
7 . 6 2 1 3 1 - 1 4 
1 . 7 7 1 7 F - P 4 
F . 6 6 7 P F - 1 5 
6 . 5 P 2 8 E - 1 6 
3 . 2 1 5 2 E - 0 5 

9 
ι 

4 . 2 5 ° 6 Γ - ί , 5 
1 . 4 1 9 2 Γ - 1 5 
F .R791F_r 'F 
4 .2665F-16 
2 „?628Γ-05 
0.1693F-P5 
J..8671F-03 
8.0356F-O4 
1 .4031F-04 
6ο21 47F-05 
6 .8924Ε-Γ6 
3. 5287F-OF 

3 

F. 03,04.(._,-*. 
' . I 4 3 9 F - C F 
P . F 4 6 1 F - P F 
6 . 4 « 3 4 F - i 6 
3.2663F-1-5 
1 .3394Ε-Γ4 
2 . 4 4 4 6 F - " 3 
q . n i 9 9 , F - 0 4 
] .

O I
? Ì P F - 0 4 

8 . 9 6 0 2 F - 1 5 
8 . 2 8 5 C F - P 6 
5 . 0 9 8 3 F - C 5 

8) FISSION PPODUCT TOTAL MACROSCOPIC APSDPPTTON CROSS SECTIONS 

PFCTP\| 

2 .8847E-03 3.19Ο5Γ-03 ¿„O431E-03 

o 
4 ^ . 

C) FTSSTON PPODUCT TOTAL MAC.R. ABS. CPOSS SFCT. IN THF CELL 3.6°19E­03 

D) FISSIONS TN THF CFLL ^OP THF TIMF­STFP 

SOTOPS 

2 ' 3 

23 5 
23 8 
1 9 0 

2 ¿ 1 
24 7 

F I S S I O N S 

1 . 0 

1 .071ΟΓ 2 ° 
7 . 8 4 9 1 E 18 
9 . 1 4 9 3 F 18 
6 . 8 6 7 6 F I F 
1 . 0 

F) ΤΟΤΛί FISSIONS IN THF CFLL 2.4732F ?P 



14) ATOMIC DENSITIES FPR THE NEXT TTMF­STEP (ATOM PFR CM**3) 

CHAIN ,3 (DEPLETION* 

PFGIPN 1 2 3 

ISOTOP 2 3.2077F ?" 3.1935F ?0 3.1329E 20 

TSOTPP 11 3.7n77p IR 3.923CF 18 4.8448E 18 

CHAIN 7 (DEPLETION) 

PEGTOM 1 2 3 

TSOTOP 3 4 . 7 3 3 3 E 22 4 . 7 3 3 2 F 22 4 . 7 3 2 8 F 22 

ISOTPP 12 3 . 2 6 ? 8 F 15 3 . 4 1 2 3 F 15 4 . 1 6 1 8 F 15 
ISOTPP 13 4 . 7 6 4 9 F 17 4 . 9 8 4 7 F 1 ? 5 , 0 3 3 9 p 17 
TSOTOP 4 1 . 7 8 8 9 F 19 1 . 8 6 3 7 F 19 2 . 1 7 7 8 E 19 
ISOTPP 14 3 . 8 9 0 9 c 17 4 . 2 5 2 4 E 1 7 6 . 1 0 P 3 F 17 
ISOTPP 5 1 . 4 1 9 2 E 16 1 . 5 5 7 4 E 16 2 . 3 9 8 2 F 16 

CHAIN 13 (F ISSION PRODUCTS) 

PFGIOM 

ISOTpp 

TSOTOP 
ISOTpo 
TSOTpp 
ISOTPP 
ISPTPP 
TSPTPP 
TSOTOP 
ISOTpp 

63 
44 
45 
46 
¿7 
18 
4 0 

F P 

1 6 

1 

3.7851F 
1.2839E 
1.4398F 
1.1048F 
°.3230F 
3.0075c 
4.3P71F 
4.4379F 
1.6 911F 

16 
1 Ρ 
1.5 
IP 
1 7 
f 7 
1 7 
15 
15 

2 

4.1115F 
1.3595F 
2.3353E 
1.1701F 
9.8551E 
3.172PE 
4.6222Γ 
4.7351F 
1.955PF 

16 
1 8 
1 5 
18 
1 7 
i 7 
ï 7 
1 5 
1 F 

3 

4.9378E 
1.6679E 
2.°587F 
1.4357E 
1.20 43 F 
3.8268F 
5.541.8F 
6.1935F 
7.7485E 

16 
18 
1 F 

ÎP 
18 
ι 7 
17 
15 
14 

O 
VJ! 

CHATN 14 (FISSION PPPDUCTS1 

PFGIPN 

TSPTPP 

TSOTPP 
ISPTPP 
ISPTPP 
TSPTPP 
ISOTpn 

1 F 

1.6 
52 
F4 
FF 

56 

1 

4.6517F 
7.6393F 
1.1 

l."364E 
6.5 311 F 
?.54°3^ 

1 5 
17 

17 
ι 6 
16 

? 

,4.9171F 
7.8326F 
1." 
!.'^8P2E 
6.P47AF 
2.716

Γ
Γ 

1 κ 

1 7 

1 7 
1 Λ 

16 

7 

5.9078E 
3.3979F 
1.9159F 
1.2886F 
P."6P8F 
3.4484F 

1 F 

17 
14 
17 
16 
1.6 



ΓΗΛΙΝ I e ( F i f C T p M ρ ρ ρ η ι ΐ Γ · " ; ) 

Γ F f, 1 ρΜ 1 

ί ς η τ ρ ρ ^η 
ΐ ς ρ τ ρ ρ cp 
ISPTpp co 

1 . ι 739 F -\ (, 
1 .1 po OF 17 
i . 9 O C 7 F I R 

1 . 1 4ι^,5Γ 1 f, 
1.2 635F i 7 
1 . ' 7 4 6 F 18 

1 . 4 3 4 4 F 
1 . 5 7 1 9 F 
I . 7 1 4 2 F 

1 6 
1 7 
1 8 

CHATN 16 (TISSION PPPPl.ICTS) 

PFCION 1 2 3 

ISPTPP 6i 1.7292F 16 1.4112F 16 1.7471F 16 ISPTPP M 8.1758F Ί6 8.5676F 16 1.1611E 17 TSPTpp 67 1.7511e 18 1.3626Γ IR 2.2841F 18 
ISPTPP '6 1.0042F H 1.16flF 1.1 1.4361E 11 

CHA Τ M 17 (FT SS TOM PPPDUCTS) 

PFGTPM 1 2 3 

TSOTOP 
ISOTOP 
ISOTOP 
ISOTOP 

6 ^ 
63 
6 4 
f>F 

1 , 3 2 ° 7 F 
P.Õ758F 
1 . 3 7 6 7 F 
3 . 4 1 7 1 1 

1 6 
1 6 
1 8 
1 F 

1 . 4 J 0 2 F 
8 . 5 6 7 6 F 
1 . 4 5 8 ° F 
' . 7 6 7 0 F 

1 6 
1 6 
1 8 
1 5 

1 . 7 4 7 1 E 
1 . 0 6 1 1 E 
1 . 8 1 0 3 E 
5 . 4 7 5 1 E 

1 6 
1 7 
1 8 
1 5 

o 

CHAIN IP (FISMON PPOPUCTS) 

REGION 1 2 3 

ISOTOP 66 1.8124F 16 1.9210F }f^ 2.3684F 16 

ISOTOP 67 1.8738
e
 ?7 1.9857F 17 2.4465E 17 

ISOTOP 68 1.1651Γ 18 1.1270Γ 18 1.3802F 18 

CHAIN 19 (FISSION PKODUCTS) 

REGION 1 2 3 

ISOTOP 31 3 . 8 6 0 6
e
 15 4 . 0 9 4 1 F 15 5 . 1 6 0 9 F 15 

ISOTOP 36 2 . 1 7 7 2 F 15 2 . 2 3 2 0 F 15 2 . 4 0 F 6 F 15 



CHATN ?
n
 ( F I S S I P N PRODUCTS) 

REGION 

ISOTOP 
ISOTpp 
ISPTPP 
ISPTPP 
ISPTPP 
ISOTOP 
ISOTOP 
ISOTOP 
ISOTOP 
TSPTPP 
ISOTOP 
ISOTOP 
ISOTOP 
ISOTOP 

1 7 
i 8 
1 9 
2 i 
2 1 
2 3 
2 4 
2 5 
7 6 
2 7 
2 8 
2 9 
3 1 
5 3 

1 

8 . 4 7 1 7 P 
6 . 6 4 3 6 F 
5 . 1 9 6 3 Ê 
4 . 3 2 4 0 F 
4 . 7 ? 1 R C 
6 . 3

r
' 7 2

r 

2 . 9 4 3 9 F 
P . 8 7 2 6 F 
9 . 3 7 3 1

e 

2 . 5 6 2 ° Γ 
1 . 1 ] 9 4 F 
1 . 7 2 6 1 Γ 
3 . 0 6 7 8 Γ 
4 . 4 3 8 1 F 

1 7 
1 7 
1 6 
1 7 
1 5 
1 5 
1 6 
1 -r 

ï F 
ï 7 
1 5 
1 7 
1 6 
1 5 

9 

Ρ . 9 7 1 ° Γ 
7 . 1 4 4 1 F 
6 . 7 4 0 P F 
4 . 5 7 ' 4 F 
4 . 9 M 2 F 
6 . 6 8 0 P F 
2 . 9 7 0 5 Γ 
8 . 9 9 8 4 F 
9 . 2 8 8 P F 
2 . 6 3 1 2 F 
1 . ΐ " Ί ? 7 Ρ 
3 . 7 5 6 1 F 
4 . 0 2 0 Ο Γ 
4 . 4 6 9 6 F 

1 7 
1 7 
1 6 
1 7 
i c 
1 F 
1 6 
1 7 
1 5 
1 7 
1 5 
1 7 
1 6 
15 

CHAIN 21 (FISSION PRODUCTS) 

CHAIN 22 (FISSION PRODUCTS) 

1.1025F 18 
8.6611F 17 
7.7951E 16 
5.5837E 17 
5.5953E 15 
8.2016E 15 
3.0296E 16 
9..5043E 17 
8.9722F 15 
2.80R3E 17 
1.3124F 15 
1.8155F 17 
4.14O8F 16 
4 .4192F 15 

PFGION 

TSOTOP 
ISOTOP 
ISOTOP 
ISOTOP 
ISOTOP 
ISOTOP 
ISOTPP 
ISPTPP 

3 2 
' 9 
2 6 
2 7 
2 8 
2 9 
3 0 
5 3 

1 

1 . 5 2 2 9E 
1 . 2 8 1 4 E 
6 . 8 3 5 9 Γ 
3 . 2 2 4 7 E 
2 . 4 6 2 4 F 
4 . 0 4 5 2 P 
F . o ^ r 1 c 
1 . 1 9 F 5 F 
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5) CRITICALITY 

THFRMAL UTILISATION FAC
T
PR 

THERMAL riS
c
IPM FACTPF. 

THERMAL MULTIPLICATION FACTOR 
RESONANCE r^CAPF PRPBABILTTY 
FAST FISSTON FACTOR 

Q
„F177929F­"! 
1.26

Q
6
Q
72F "ï 

1.2184131 F 07 
P.931R116F­01 
1.0371475E ii 

INFINITE MULTIPLICATION FAC
T
PP 

(4­FACTPP FORMULA) 
1.12P2225F m 

iHFRMAL DIFFUSION AREA 1.7Ρ26714Γ 12 



li) OVER-ALL NEUTRON BILANCE 

CONVERSION RATIO = 7.6875F-01 
TOTAL PRODUCTION = 1.7231F nn 
TPTAl. ABSORPTION = 1.0948E Γ π 

INFINITE MULTIPLICATION FACTOR = 1.1171 E 00 'PRODUCT I ON/AB SORPT I ON) 
INFINITF MULTIPLICATION FACTOR = 1.1282F 00 (4-FACTPP FORMULA) 
MATEPTAL BUCKLING - IMIT. GUFSS = 4.7624F-04 
MATERIAL BUCKLING - FIGENVALUE = 4.4234E-04 
EXPERIMENTAL BUCKLING = O.i 
EFFECT Τ VF MULTIPLICATION FACTOR = 1.1176F OO 
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Appendix 
Burn-up data specification 

The evolution of the fuel isotopie composition and of the 
cell parameters as a function of time is represented by sub­
dividing the total time during which the fission rate in the 
cell may be assumed to remain at a given value PU into a finite 
number NSTEP of time-rsteps of equal length DELTAT. The time-
step length must be chosen in such a way that the change in 
fuel composition taking place in this interval will not affect 
substantially the flux spectrum in the various fuel regions. 

The variation of the fuel isotopie composition is calcu­
lated separately for each spatial region into which the fuel 
is divided. 

The calculation proceeds as follows: 
1) The initial composition of the cell and the initial power 
PU per unit length of channel are defined. The time TIMEP 
after which a new value of PU will be applied is given and 
subdivided into NSTEP intervals of length DELTAT. 
2) A cell calculation is performed and the new fuel composition at 
the end of the first time-step is evaluated. If DELTAT is equal 
to 1, new values of PU, TIMEP, NSTEP, DELTAT must then be sup­
plied. If not, DELTAT cell calculations and fuel composition 
evaluations will be performed before new values of PU, TIMEP, 
NSTEP,DELTAT are required. In each of the DELTAT cell calcula­
tion, the 39-group spectrum and flux distribution are obtained 
for the corresponding fuel composition; the reaction rates 
normalized to the given PU are computed and a fresh set of 
isotopie concentrations is computed which will serve as input 
data for the next time-step. 
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3) This procedure continues till the value of TIMEP becomes 
equal to TIMET, the time given as input at which the burn-up 
calculation will be terminated. 

Note that, while the fission product concentrations are 
calculated only once per time-step, N3 sets of heavy fuel 
isotope concentrations are actually derived at each DELTAT 
(though only the final set is printed for each DELTAT). 

The value of PU may be given in arbitrary units; the 
conversion factor ALFA expresses the relationship between 
this arbitrary unit and the number of fissions per second. 

The isotopie chains to be considered in the calculations 
are specified through the input data NUCAT (I) where I stands 
for the ordinal number of the isotopie chain as shown in Fig. 6 
The first three chains refer to the heavy fuel isotopes. The 
eight following chains ( 1=4-11) e orre s pond to the simplified 
scheme of fission product representation while the last 
14 chains are those of the detailed representation. It 
is always possible to neglect one or more of these chains 
if the contribution of the member isotopes to total poisoning 
is thought to be small. Note that chain 1 may not yet be used 
since some of the cross section data is missing in the pre­
sent library. 
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Single rod (NCG = 1,2) 

U- rod cluster (NCG=3/) 
ly 

Fig. 2 
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A-rod cluster (pressure tube each pin , ^ 0 = 5 ) 

7-rod cluster (NCG = 6/7) 

Fig. 3 



120 

19-rod hexagonal cluster (NCG=8J0) 

iy 

19-rod circular cluster (NCG=9J1) 

Fig.A 
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37-rod cluster (NCG = 12J3) 
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Fig. 5 
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